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BACKGROUND 

All cells rely on the regulated movement of inorganic ions across cell membranes to 
perform. essential physiological functions. Electrical excitability, synaptic plasticity, and signal 
transduction are examples of processes in which changes in ion concentration play a critical role. 
In general, the ion channels that permit these changes are proteinaceous pores consisting of one 
or multiple subunits, each containing two or more membrane-spanning domains. Most ion 
channels have selectivity for specific ions, primarily Na + , K + , Ca 2+ , or CI", by virtue of physical 
preferences for size and charge. Electrochemical forces, rather than active transport, drive ions 
across membranes, thus a single channel may allow the passage of millions of ions per second. 
Channel opening, or "gating" is tightly controlled by changes in voltage or by ligand binding, 
depending on the subclass of channel. Ion channels are attractive therapeutic targets due to their 
involvement in so many physiological processes, yet the generation of drugs with specificity for 
particular channels in particular tissue types remains a major challenge. 

Voltage-gated ion channels open in response to changes in membrane potential. For 
example, depolarization of excitable cells such as neurons result in a transient influx of Na + ions, 
which propagates nerve impulses. This change in Na + concentration is sensed by voltage-gated 
K + channels which then allow an efflux of K + ions. The efflux of K + ions repolarizes the 
membrane. Other cell types rely on voltage-gated Ca 2+ channels to generate action potentials. 
Voltage-gated ion channels also perform important functions in non-excitable cells, such as the 
regulation of secretory, homeostatic, and mitogenic processes. Ligand-gated ion channels can be 
opened by extracellular stimuli such as neurotransmitters (e.g., glutamate, serotonin, 
acetylcholine), or intracellular stimuli (e.g., cAMP, Ca 2+ , and phosphorylation). 

Calcium channels include voltage-gated and non-voltage-gated classes. Voltage-gated 
calcium channels can be further subdivided into T, L, N, P, and Q subtypes. T-type channels 
transiently activate at negative potentials while the other subtypes activate at positive potentials. 
The cti subunits of voltage-gated Ca 2+ channels are similar to the a subunits of voltage-gated 
sodium channels, and contain four repeat regions, each containing six transmembrane domains. 
The P/Q type a subunits are expressed in the brain, motor neurons, and kidney and are important 
for transmitter release. N-type ai subunits are expressed in the central and peripheral nervous 
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systems and are also important for transmitter release. L-type ai subunits are expressed in heart, 
lung, smooth muscle, fibroblasts, brain, pancreas, and the neuroendocrine system and mediate 
coupling of muscular excitation and contraction. R-type subunits are expressed in brain and 
muscle and are important for transmitter release. T-type subunits are expressed in brain, cardiac, 
and smooth muscle. Other ai subunits are expressed in retina and skeletal muscle. Alpha- 1 
subunits associate with auxiliary subunits that regulate the function of the channels for example, 
by modifying the kinetics of Ca 2+ influx, Ca 2+ current amplitude, or voltage-dependence. 

Non-voltage-gated Ca 2+ channels include ligand-gated channels. These channels are Ca 
ATPases which are expressed in muscle and other tissues. Mutations in Ca 2+ ATPases causes 
Brody myopathy (ATP2A1), Darier-White disease and Keratosis follicularis (ATP2A2), 
deafness and vestibular imbalance (ATP2B2). Another important class of non-voltage-gated 
Ca 2+ channel is the intracellular class, which include ryanodine receptors, inositol- 1,4,5- 
triphosphate (BP3) receptors, nicotinic acid adenine dinucleotide phosphate (NAADP) receptor, 
and sphingolipid receptor (EDG1). In general, intracellular Ca 24 * channels form homotetrameric 
complexes. They are stimulated by second messengers such as elevation in intracellular Ca 
levels, ryanodine, caffeine, EP 3 , NAADP, and sphingosine-1 -phosphate. The release of 
intracellular Ca 2+ through these channels leads to amplification of signaling events 

Genetic or pharmacological perturbations in ion channel function can have dramatic 
clinical consequences. Long QT syndrome, epilepsy, cystic fibrosis, and episodic ataxia are a 
few examples of heritable diseases resulting from mutations in ion channel subunits. Toxic side 
affects such as arrhythmia and seizure which are triggered by certain drugs are due to 
interference with ion channel function (Sirois and Atchison, Neurotoxicology, 17(l):63-84, 1996; 
Keating, M.T., Science 272:681-685, 1996). Drugs are useful for the therapeutic modulation of 
ion channel activity, and have applications in treatment of many pathological conditions, 
including hyptertension, angina pectoris; myocardial ischemia, asthma, bladder overactivity, 
alopecia, pain, heart failure, dysmenorrhea, type II diabetes, arrhythmia, graft rejection, seizure, 
convulsions, epilepsy, stroke, gastric hypermotility, psychoses, cancer, muscular dystrophy, and 
narcolepsy (Coghlan, M.J., et aL, J. Med. Chem. 44:1627-1653, 2001; Ackerman. Ml, and 
Clapham, D.E., N. Eng. J. Med. 336:1575-1586, 1997). The growing number of identified ion 
channels and further understanding of their complexity will assist in future efforts at therapies 
that modify ion channel function. 
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SUMMARY 

Novel ocid calcium channel subunit polypeptides, nucleic acids, and fragments of the 
polypeptides and nucleic acids are provided herein. Also provided are methods of using the 
novel subunit polypeptides, nucleic acids, and fragments thereof. 

In one aspect, the invention features an isolated L-type calcium channel ocid+kiva subunit 
polypeptide, wherein the polypeptide includes the amino acid sequence KIVA (SEQ ID NO: 2). 
The KIVA sequence can be in an extracellular domain of the calcium channel. The otio 
polypeptide can be human. In one embodiment, the polypeptide does not include the following 
amino acid sequence: TRYYETYIR (SEQ ID NO: 10). 

In one embodiment, the polypeptide includes the amino acid sequence of SEQ ID NO: 4. 

In one embodiment, the polypeptide consists of the amino acid sequence of SEQ ID NO: 

4. 

In another aspect, the invention features an isolated L-type calcium channel cxid+kiva 
subunit polypeptide, wherein the polypeptide includes an amino acid sequence at least 85% (e.g., 
at least 90%, 95%, 99%) homologous to SEQ ID NO: 6, and wherein the polypeptide includes 
one or more of the following features: 

(a) a deletion of amino acids 1291-1305 of SEQ ID NO: 6; 

(b) an insertion of SEQ ID NO: 2; or 

(c) a deletion of amino acids 1 804-1812 of SEQ ID NO: 6. 

In one embodiment, the polypeptide includes the insertion of SEQ ID NO: 2, and the 
insertion is in an extracellular domain. The insertion can be between the third and fourth 
transmembrane segments of a repeat domain of the calcium channel subunit. For example, the 
insertion can be between the third and fourth transmembrane segments of the fourth repeat 
domain. In one embodiment, the insertion occurs after amino acid 1290 of SEQ ID NO: 6, e.g., 
the insertion is at amino acid 1290 of SEQ ID NO: 6. 

In one embodiment, the polypeptide has any two of the features (a), (b), or (c). 

In one embodiment, the polypeptide has all three of the features (a), (b), and (c). 

In another aspect, the invention features an isolated polypeptide comprising at least 10 
contiguous amino acids of SEQ ID NO: 4. The polypeptide can include at least one amino acid 
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from the region between amino acids 1281-1284 and/or amino acids 1792 and 1793. In one 
embodiment, a portion of the extracellular domain is replaced by an extracellular domain from 
another calcium channel oci subunit (e.g., another calcium channel 0Ci D subunit, or a calcium 
channel (Xis subunit, ai C subunit, or ai F subunit) wherein the portion that is replaced does not 
include a KIVA (SEQ ID NO:2) sequence. 

In various embodiments, the calcium channel cxid+kiva subunit polypeptides described 
herein are labeled (e.g., with a fluorescent label, a radioactive label, or some other detectable 
compound, or a toxin). 

In yet another aspect, the invention features an isolated L-type calcium channel au>+KivA 
subunit nucleic acid molecule. In one embodiment, the nucleic acid encodes an isolated L-type 
calcium channel ocid+kiva subunit polypeptide, wherein the polypeptide includes the amino acid 
sequence KIVA (SEQ ID NO: 2). In one embodiment, the KIVA sequence is in an extracellular 
domain of the calcium channel. 

In one embodiment, the nucleic acid encodes a human ocid+kiva polypeptide. In one 
embodiment, the nucleic acid encodes a polypeptide that does not include the following amino 
acid sequence: TRYYETYIR (SEQ ID NO: 10). 

In one embodiment, the nucleic acid encodes a polypeptide that includes the amino acid 
sequence of SEQ ID NO: 4. 

In one embodiment, the nucleic acid encodes a polypeptide that consists of the amino 
acid sequence of SEQ ID NO: 4. 

Li one embodiment, the nucleic acid encodes an isolated L-type calcium channel 
ccid+kiva subunit polypeptide, wherein the polypeptide includes an amino acid sequence at least 
85% homologous to SEQ ID NO: 6, and wherein the polypeptide includes one or more of the 
following features: 

(a) a deletion of amino acids 1291-1305 of SEQ ID NO: 6; 

(b) an insertion of SEQ ID NO: 2; or 

(c) a deletion of amino acids 1804-1812 of SEQ ID NO: 6. 

In one embodiment, the nucleic acid encodes an insertion of the amino acids of SEQ ID 
NO: 2, and the insertion is in an extracellular domain. The insertion can be between the third 
and fourth transmembrane segments of a repeat domain of the calcium channel subunit. For 
example, the insertion can be between the third and fourth transmembrane segments of the fourth 



WO 2005/001060 



PCTYUS2004/020397 



repeat domain. In one embodiment, the insertion occurs after amino acid 1290 of SEQ ID NO: 
6, e.g., the insertion is at amino acid 1290 of SEQ ID NO: 6. 

In one embodiment, the nucleic acid encodes a polypeptide that has any two of the 
features (a), (b), or (c). 

In one embodiment, the nucleic acid encodes a polypeptide that has all three of the 
features (a), (b), and (c). 

In one embodiment, the nucleic acid encodes an isolated polypeptide comprising at least 
10 contiguous amino acids of SEQ ID NO: 4. The polypeptide can include at least one of amino 
acids 1281-1284 and/or amino acids 1792 and 1793. In one embodiment, a portion of the 
extracellular domain is replaced by an extracellular domain from another calcium channel cci 
subunit, wherein the portion that is replaced does not include a KIVA (SEQ ID NO:2) sequence. 

In one embodiment the nucleic acid includes the nucleotide sequence of SEQ ID NO: 3. 

In one embodiment, the nucleic acid molecule consists of the nucleotide sequence of SEQ 
ID NO: 3. 

In one embodiment, the nucleic acid is an allele of the nucleic acid sequence of SEQ ID 

NO: 3. 

In one embodiment, the nucleic acid is a fragment of an L-type calcium ccid+kiva subunit 
nucleic acid molecule, and the fragment encodes SEQ ID NO: 2. 

In another aspect, the invention features an expression vector including an L-type 
calcium cxid+kiva subunit nucleic acid molecule operably linked to a promoter. 

In still another aspect, the invention features a host cell including an L-type calcium 
ocid+kiva subunit nucleic acid molecule. 

Li one aspect, the invention features an agent that preferentially binds to an L-type 
calcium channel ocid+kiva subunit polypeptide, e.g., an (Xid+kiva subunit polypeptide described 
herein. 

In one embodiment, the agent binds selectively to an L-type calcium channel ocid+kiva 
subunit polypeptide and not to an L-type calcium channel a ID subunit polypeptide comprising 
the sequence of SEQ ID NO: 5. 

The agent can be a small molecule, a nucleic acid, or a protein. The agent can modulate 
(e.g., inhibit or enhance) calcium channel activity of the L-type calcium channel ocid+kiva 
subunit polypeptide. The agent can be an antibody or antigen-binding fragment thereof, e.g., a 
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polyclonal antibody, monoclonal antibody, or Fab fragment of a monoclonal or polyclonal 
antibody. 

The invention also features a pharmaceutical composition that includes the agent that 
preferentially binds to an L-type calcium channel ocid+kiva subunit polypeptide and a 
pharmaceutical^ acceptable carrier. 

Also provided herein is a method for detecting the presence of a calcium channel 
ccid+kiva subunit polypeptide or nucleic acid in vitro (e.g., a biological sample, such as tissue) or 
in vivo (e.g., in vivo imaging in a subject). The method includes: (a) contacting a sample with an 
agent that binds an (Xid+kiva subunit polypeptide or nucleic acid; and (b) detecting formation of a 
complex between the agent and the sample (e.g., using a binding assay described herein). The 
method can also include contacting a reference sample (e.g., a control sample) with the agent, 
and determining the extent of formation of the complex between the agent and the sample 
relative to the reference sample. 

Also provided are kits for screening assays using a calcium channel ocid+kiva subunit 
nucleic acid and/or polypeptide described herein, and instructions for use, e.g., the use of 
calcium channel cc 1d +kiva subunit nucleic acid to express an (Xid+kiva subunit polypeptide in 
vitro, and for identifying modulators of the aiEM-KivA subunit polypeptide. The kit can further 
contain a least one additional reagent, such as a label or additional agent, e.g., for detecting the 
ocid+kiva subunit polypeptide, or for monitoring an activity of the ociem-kiva subunit polypeptide. 

In one aspect, the invention features a method for making a calcium channel. The 
method can include, for example, providing a nucleic acid encoding an L-type calcium channel 
OCid+kiva subunit polypeptide. The method can further include providing one or more nucleic 
acids encoding a calcium channel a 2 /5 subunit, and/or a calcium channel £ subunit. The method 
can further include the step of expressing the nucleic acid(s). 

In one aspect, the invention features a method for modulating an L-type calcium channel 
ocid+kiva subunit polypeptide activity in a cell. For example, the method includes: 

providing an L-type calcium channel comprising an ccid+kiva subunit polypeptide, 
wherein the ocid+kiva subunit polypeptide, e.g., an ocid+kiva subunit polypeptide described herein; 

contacting the channel with an amount of an L-type calcium channel ccid+kiva subunit 
modulator effective to modulate an activity of the ocid+kiva subunit polypeptide. 
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The modulator can be a small molecule, a nucleic acid, or a protein. 

In another aspect, the invention features a method for identifying an agent that modulates 
the activity of an L-type calcium channel (Xid+kiva subunit polypeptide. For example, the 
method includes: 

providing a first calcium channel comprising an (Xid+kiva subunit polypeptide, e.g., an 
cXid+kiva subunit polypeptide described herein; 

contacting the channel with a test compound; and 

evaluating an activity of the calcium channel, wherein a change in activity relative to a 
reference value is an indication that the compound is an agent that modulates the channel. 

» 

The test compound can be a small molecule, a peptide, or a nucleic acid. 
The calcium channel can be contained within a biological sample. The sample can 
include a cell membrane. In one embodiment, the sample includes a cell. The cell can be a 
eukaryotic cell, e.g., a Xenopus oocyte or a mammalian cell. 

The activity that is evaluated in the method can include regulation of calcium 
concentration. The evaluating can include detecting calcium flux. 

The contacting of the calcium channel that includes an ocid+kjva subunit polypeptide can 
occur under conditions which, in the absence of the test compound, cause a first amount of 
calcium flux. 

In one embodiment, the evaluating can include using a calcium flux assay. 

In one embodiment, the assay uses patch clamp electrophysiology. 

In one embodiment, the assay uses two electrode voltage clamp electrophysiology. 

In one embodiment, the assay is a fluorescence assay. 

The method for identifying an agent that modulates the activity of an L-type calcium 
channel ocid+kiva subunit polypeptide can further include the steps of: 

providing a second calcium channel comprising an cxid subunit polypeptide, wherein the 
am subunit polypeptide is other than an ocip+kiva subunit polypeptide, e.g., an (Xid+kiva subunit 
polypeptide described herein; 

contacting the second channel with the test compound; 

evaluating the activity of the second calcium channel. 
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The method can further include comparing the activity of the first calcium channel in the 
presence of the test compound to the activity of the second calcium channel in the presence of 
the test compound. 

Optionally, the method can further include providing a record or generating a data set of a 
result of the method; e.g., a print or computer-readable data set. 

In some embodiments of the method, a plurality of calcium channels are provided. 

In some embodiments of the method, the cxid+kiva subunit polypeptide includes the 
amino acid sequence of SEQ ID NO: 4. 

In another aspect, the invention features a method for identifying an agent which 
selectively binds an L-type calcium channel ocid+kiva subunit polypeptide. For example, the 
method includes: providing a first cxjd+kjva subunit polypeptide, e.g., an cxid+kiva subunit 
polypeptide described herein; 

contacting the first polypeptide with a test compound; 

assaying binding of the test compound to the first polypeptide; 

providing a second <xi D subunit polypeptide, wherein the oti D subunit polypeptide is other 
than an ocj d+kiva subunit polypeptide; 

contacting the second polypeptide with the test compound; 

assaying binding of the test compound to the second polypeptide, wherein a compound 
which binds the first polypeptide and does not substantially bind the second polypeptide is an 
indication that the compound is an agent which selectively binds an L-type calcium channel 
<*} d+kiva subunit polypeptide isoform. 

In another aspect, the invention features a method for identifying an agent useful in the 
treatment of a disorder related to calcium current. For example, the method includes: 

providing a calcium channel comprising an ocid+kiva subunit polypeptide, e.g., an 
ocid+kiva subunit polypeptide described herein; 

contacting the channel with a test compound; and 

evaluating an activity of the channel, wherein a change in activity relative to a reference 
value is an indication that the test compound is an agent useful in a disorder related to calcium 
current. 

The disorder can be a heart disorder, or an endocrine disorder, or a neuronal disorder. 
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The method can further include administering the compound in vivo (e.g., using an 
animal model). 

The method can further include modifying the compound for use in vivo. 

In another aspect, the invention features a method for treating a subject having a disorder 
related to calcium channel current. For example, the method includes: 

administering to a subject in need of such treatment an effective amount of a 
pharmacological agent which is selective for a calcium channel comprising an <Xid+kiva subunit. 

In one embodiment, the disorder is a heart disorder. 

The method of treating a subject can further include the step of identifying a subject in 
< need of such treatment. Identifying a subject in need of such treatment can be in the judgment of 
r a subject or a health care professional and can be subjective (e.g. opinion) or objective (e.g. 
measurable by a test or diagnostic method). 

The details of one or more embodiments of the invention are set forth in the tables and 
the description below. Other features, objects, and advantages of the invention will be apparent 
from the description, and from the claims.' 

BRIEF DESCRIPTION OF THE SEQUENCES 
The following sequences are provided in Table 1. 

SEQ ID NO: 1 is the nucleotide sequence of the human L-type calcium channel ocid+kiva 
subunit "KIVA" site. 

SEQ ID NO: 2 is the amino acid sequence of the human L-type calcium channel (Xid+kiva 
subunit "KIVA" site. 

SEQ ID NO: 3 is the nucleotide sequence of the human L-type calcium channel CXid+kiva 
subunit cDNA. 

SEQ ID NO: 4 is the amino acid sequence of the human L-type calcium channel ccid+kiva 
subunit polypeptide. 

SEQ ID NO: 5 is the nucleotide sequence of the coding region of a human L-type 
calcium channel cti D subunit (GenBank® accession number M7655 8). 

SEQ ID NO: 6 is the amino acid sequence of a human L-type calcium channel am 
subunit polypeptide (GenBank® accession number Q01668). 
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SEQ ID NO: 7 is the nucleotide sequence of SEQ ID NO: 5 (base pairs 387 1-391 5 of 
SEQ ID NO: 5) that is replaced by a nucleotide sequence encoding the "KTVA" site in the novel 
isoform of encoded by SEQ ID NO: 3. 

SEQ ID NO: 8 is the amino acid sequence of SEQ ID NO: 6 (amino acids 1291-1305 of 
SEQ ID NO: 6) that is replaced by the "KIVA" insert in the novel isoform of SEQ ID NO: 4. 

SEQ ID NO: 9 is the nucleotide sequence of SEQ ID NO: 5 (base pairs 5409-5435 of 
SEQ ID NO: 5) that is absent from the nucleotide sequence of SEQ ID NO: 3. 

SEQ ID NO: 10 is the amino acid sequence of SEQ ID NO: 6 (amino acids 1804-1812 of 
SEQ ID NO: 6) that is absent from the nucleotide sequence of SEQ ID NO: 4. 

DETAILED DESCRIPTION 

The invention is based, in part, on the identification of a cDNA encoding a novel isoform 
of an L-type calcium channel oc ]D subunit. The novel cDNA was isolated from human cardiac 
atrial tissue. The coding sequence of the cDNA is shown in SEQ ID NO: 3. The predicted 
amino acid sequence of the novel isoform is shown in SEQ ID NO: 4. A related human L-type 
calcium channel cc 1D subunit nucleotide sequence was deposited in GenBank® under accession 
number M76558 (SEQ JD NO: 5). The novel isoform differs from the related sequence in the 
Genbank® database in several respects. First, the nucleotide sequence of the novel isoform 
contains a deletion of base pairs 4381-4425 of M76558 (this is equivalent to a deletion of base 
pairs 3871-3915 of SEQ ID NO:5, which is the coding region of the sequence in M76558). 
Second, the novel isoform contains a replacement of base pairs 4381 to 4425 with the novel 
nucleotide sequence shown in SEQ ID NO: 1. These changes result in a polypeptide sequence 
that is related to the am subunit polypeptide under GenBank® accession number Q01668, with 
the following differences. First, the novel isoform contains a deletion of nine amino acids 
(residues 1291-1305). Second, the replacement of base pairs at nucleotides 4381-4425 results in 
a replacement of 15 amino acids with the sequence KIVA (SEQ ID NO: 2). The site of 
replacement of nucleotides 4381-4425 is at the junction of the third and fourth transmembrane 
segments (S3 and S4) in the fourth repeat region of the gene (see discussion of a x subunit 
domain structure in the section below). Interestingly, this junction is the site of an insertion in an 
atrial ct 1D isoform isolated from rat (Takimoto et al., J. Mol Cell Cardiol 29:3035-3042, 1997). 
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Also, the novel human atrial 0Ci D isofonn could be isolated on multiple independent occasions. 
These observations suggest conservation in sites of variation among ocid+kiva subunits and other 
<*i d polypeptides. 

As used herein, the term "calcium channel ocid+kiva subunit" or "ocid+kiva" refers to any 
calcium channel a m subunit nucleic acid or polypeptide that has one or more of the features of 
the novel isoform described above. For a calcium channel ocid+kiva subunit polypeptide, these 
features include (i) an insertion of a "KIVA" amino acid sequence; (ii) a deletion of about 15 
amino acids at amino acid residues 1291-1305 of a human calcium channel 0Ci D subunit, or a 
corresponding region or sequence in a related calcium channel subunit; (iii) a deletion of about 
nine amino acids of a human calcium channel ocid subunit at residues 1803-1811 of the sequence 
in GenBank® accession no. Q01668 (also SEQ ID NO: 6), or a corresponding region or 
sequence in a related calcium channel subunit. The deletions include deletions of amino acids 
sequences homologous to SEQ ID NO: 8 (for ii), and SEQ ID NO: 10 (for iii). For an (Xjd+kiva 
nucleic acid, these features include (iv) an insertion of 12 nucleotides encoding a t£ KIVA" 
sequence; (v) a deletion of about 45 base pairs corresponding to residues 4381-4425 human 
calcium channel a JD subunit under GenBank® accession no. M76558 (or residues 3871-3915 of 
SEQ ID NO:5), or a corresponding region or sequence in a related (e.g., non-human calcium 
channel cc 1D subunit); and (vi) a deletion of about 27 base pairs corresponding to residues 5419- 
5945 of human calcium channel 0Ci D subunit under GenBank® accession no. M76558 (or 
residues 5409-5435 of SEQ ID NO:5), or a corresponding region in a related (e.g., non-human 
calcium channel a m subunit). The nucleic acid deletions include deletions of nucleotide 
sequences homologous to the sequence of SEQ ED NO: 1 (for iv), SEQ ID NO: 7 (for v) and 
SEQ ID NO: 9 (for vi). 

L-type Voltage-gated Calcium Channels 

Voltage-gated calcium channels are multisubunit transmembrane proteins having a large 
oti subunit of approximately 130-200 kilodaltons (kD), an oc 2 subunit which covalently associates 
with a small 5 subunit, and a P subunit of approximately 60 kD or less. These channels mediate 
the influx of calcium ions into cells. The oti subunit forms the voltage-sensitive, pore-forming 
part of the channel, and the other subunits regulate activity of the 04 subunit. Voltage-gated ion 
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channels, including the calcium channels described herein, undergo cycles of resting state 
(polarized; closed channel; activateable), open state (depolarized; open channel; activated) and 
closed state (depolarized, closed channel; inactivated) in response to changes in membrane 
polarization. Charged regions of the ion-conducting cii subunit are sensitive to changes in 
membrane polarization, p subunits modulate the current, voltage-dependence, activation, and 
inactivation of the (Xi subunits of calcium channels. 

L-type calcium channels are high-voltage activated calcium channels that contain Otis, 
ccic, am, or a lF subunits, also referred to as Ca v l.l, Ca v 1.2, Ca v 1.3, and Ca v 1.4, respectively. 
type calcium channels are typically antagonized by dihydropyridines. L-type channels are 
expressed in many tissues including skeletal muscle, cardiac muscle, endocrine cells, neurons, 
and retina and mediate a variety of biological effects including excitation-contraction coupling, 
calcium homeostasis, gene regulation, hormone secretion, and tonic neurotransmitter release 
(Catterall, Annu. Rev. Cell. Dev. Biol. 16:521-55, 2000). 

The ^ subunit of calcium channels contains four repeated domains (I-TV). Each of these 
repeated domains contains six transmembrane segments (S1-S6) (Reviewed in Catterall, Annu. 
Rev. Cell, Dev. Biol. 16:521-555, 2000), 

As used herein, a "calcium channel" refers to a protein which is involved in receiving, 
conducting, and transmitting signals, in a cell, such as a muscle cell, e.g., a cardiac cell. Calcium 
channels are typically expressed in many cell types, e.g., neuron, muscle, and endocrine, cells. 

As used herein, a "calcium channel mediated activity" refers to an activity, function, or 
response which involves a calcium channel, e.g., a calcium channel in a brain cell or a muscle 
cell. Calcium channel mediated activities are activities involved in receiving, conducting, and 
transmitting signals in, for example, the nervous system, muscle tissue, cardiac tissue, and other 
cells and tissues. Calcium channel mediated activities include, for example, regulation of 
calcium influx into cells, excitation-contraction coupling, regulation of hormone secretion and 
regulation of neurotransmitter release from cells. Also, as used interchangeably herein a 
"calcium channel ocid+ktva subunit activity", "biological activity of calcium channel ocid+kiva 
subunit " or "functional activity of a calcium channel ccid+ktva subunit", refers to an activity, 
function, or response of a calcium channel ccid+kiva subunit protein, polypeptide or nucleic acid 
molecule. 
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Isolated proteins of the present invention, e.g., calcium channel cXjd+kiva subunit proteins 
described herein, have an amino acid sequence sufficiently homologous to the amino acid 
sequence of SEQ ID NO:4 or are encoded by a nucleotide sequence sufficiently homologous to 
SEQ ID NO:3. As used herein, the term "sufficiently homologous" refers to a first amino acid or 
nucleotide sequence which contains a sufficient or minimum number of identical or equivalent 
(e.g., an amino acid residue-which has a similar side chain) amino acid residues or nucleotides to 
a second amino acid or nucleotide sequence such that the first and second amino acid or 
nucleotide sequences share common structural domains or motifs or a common functional 
activity. 

Accordingly, another embodiment of the invention features isolated calcium channel 
ocip+KivA subunit proteins and polypeptides having a calcium channel CXid+kiva subunit activity. 
Preferred proteins are calcium channel ocid+kiva subunit proteins having a KTVA sequence (SEQ 
ID NO:2), preferably in an extracellular domain, and lacking a TRYYETYIR sequence (SEQ ID 
NO: 10). Other preferred proteins are proteins having the sequence of SEQ ID NO: 4. 

The novel human calcium channel ocid+kxva subunit coding sequence (of SEQ ID NO: 3), 
which is approximately 6,426 nucleotides in length, encodes a protein having a molecular weight 
of approximately 200 kD and which is approximately 2141 amino acid residues in length. The 
gene encoding this novel isoform is expressed in the atrium of the heart. 

Various aspects of the invention are described in further detail in the following 
subsections. 

Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 
calcium channel (Xid+kiva subunit polypeptides or biologically active portions thereof, as well as 
nucleic acid fragments sufficient for use as hybridization probes to identify nucleic acid 
molecules that encode related isoforms of the novel calcium channel ocid+kiva subunits described 
herein and fragments for use as PCR primers for the amplification or mutation of calcium 
channel ocid+kiva subunit nucleic acid molecules. As used herein, the term "nucleic acid 
molecule" is intended to include DNA molecules (e.g., cDNA or genomic DNA) and RNA 
molecules (e.g., mRNA) and analogs of the DNA or RNA generated using nucleotide analogs. 
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The nucleic acid molecule can be single-stranded or double-stranded, but preferably is double- 
stranded DNA. 

An "isolated" nucleic acid molecule is one which is separated from other nucleic acid 
molecules which are present in the natural source of the nucleic acid. Preferably, an "isolated" 
nucleic acid is free of sequences which naturally flank the nucleic acid (i.e., sequences located at 
the 5' and 3* ends of the nucleic acid) in the genomic DNA of the organism from which the 
nucleic acid is derived. For example, in various embodiments, the isolated calcium channel 
ttiD+KiVA subunit nucleic acid molecule can contain less than about 5 kb, 4 kb, 3 kb, 2kb, 1 kb, 
0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in 
genomic DNA of the cell from which the nucleic acid is derived. Moreover, an "isolated" nucleic 
acid molecule, such as a cDNA molecule, can be substantially free of other cellular material, or 
culture medium when produced by recombinant techniques, or substantially free of chemical 
precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule having the 
nucleotide sequence of SEQ ID NO:l, SEQ ID NO:3, or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein. Using all 
or portion of the nucleic acid sequence of SEQ ID NO:l, or SEQ ID NO:3 as a hybridization 
probe, calcium channel (Xiem-kiva nucleic acid molecules can be isolated using standard 
hybridization and cloning techniques (e.g., as described in Sambrook, J., Fritsh, E. F., and 
Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID NO: 3 can 
be isolated by the polymerase chain reaction (PGR) using synthetic oligonucleotide primers 
designed based upon the sequence of SEQ ID NO:l or SEQ ID NO:3. 

A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 
genomic DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 
and characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding to 
calcium channel ocid+kiva nucleotide sequences can be prepared by standard synthetic 
techniques, e.g., using an automated DNA synthesizer. 
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In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
CCid+kiva nucleic acid molecule which is a complement of the nucleotide sequence shown in SEQ 
ID NO: 1, SEQ ID NO: 3, or a portion of these nucleotide sequences. A nucleic acid molecule 
which is complementary to the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 3, 
is one which is sufficiently complementary to the nucleotide sequence shown in SEQ ID NO:l or 
SEQ ID NO: 3, such that it can hybridize to the nucleotide sequence shown in SEQ ID NO: Lor 
SEQ ID NO: 3. 

In still another preferred embodiment, an isolated nucleic acid molecule of the present 
invention comprises a nucleotide sequence which is at least about 75%, 85%, 95% or more 
homologous to the entire length of the nucleotide sequence shown in SEQ ID NO:3, or a portion 
of this' nucleotide sequence. 

> Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 
nucleic acid sequence of SEQ ID NO:3, for example a fragment which can be used as a probe or 
primer or a fragment encoding a biologically active portion of an ocid+kiva subunit protein. The 
nucleotide sequence determined from the cloning of the human ocid+kiva cDNA allows for the 
generation of probes and primers designed for use in identifying and/or cloning related isoforms, 
as well as homologues from other species. The probe/primer typically comprises substantially 
purified oligonucleotide. The oligonucleotide typically comprises a region of nucleotide 
sequence that hybridizes under stringent conditions to at least about 12 or 15, preferably about 20 
or 25, more preferably about 30, 35, 40, 45, 50, 55, 60, 65, or 75 consecutive nucleotides of a 
sense sequence of SEQ ID NO:l, SEQ ID NO:3, of an anti-sense sequence of SEQ ID NO:l, 
SEQ ID NO:3, or of a naturally occurring allelic variant or mutant of SEQ ID NO:l or SEQ ID 
NO:3. 

Probes based on the ocid+kiva nucleotide sequences can be used to detect transcripts 
encoding related isoforms. The probe can further include a label group attached thereto, e.g., the 
label group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. 
Such probes can be used as a part of a diagnostic test kit for identifying cells or tissue which 
express or misexpress an ccii^kiva protein, such as by measuring a level of an otiD+KivA-encoding 
nucleic acid in a sample of cells from a subject e.g., detecting (Xid+kiva mRNA levels or 
determining whether a genomic ccid subunit gene has been mutated or deleted in a region that 
would affect expression of the ocid+kiva isoform. 
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A nucleic acid fragment encoding a "biologically active portion of an ccid+kwa protein" 
can be prepared by isolating a portion of the nucleotide sequence of SEQ ID NO: 3, which 
encodes a polypeptide having an ocieh-kiva biological activity (the biological activities of the 
otiD+KivA proteins are described herein), expressing the encoded portion of the ccid+kiva protein 
(e.g., by recombinant expression in vitro) and assessing the activity of the encoded portion of the 
ttiD+KJVA protein. 

The invention further encompasses nucleic acid molecules that differ from the nucleotide 
sequence shown in SEQ ID NO:3, due to degeneracy of the genetic code and thus encode the 
same ocid+kiva proteins as those encoded by the nucleotide sequence shown in SEQ ID NO:3. In 
another embodiment, an isolated nucleic acid molecule of the invention has a nucleotide 
sequence encoding a protein having an amino acid sequence shown in SEQ ID NO: 4. 

In addition to the (Xid+kiva nucleotide sequences shown in SEQ ID NO:l and SEQ ID 
NO:3, it will be appreciated by those skilled in the art that DNA sequence polymorphisms that 
lead to changes in the amino acid sequences of the ochm-kiva proteins may exist within a 
population (e.g., the human population). Such genetic polymorphism in the (Xid+kiva genes may 
exist among individuals within a population due to natural allelic variation. As used herein, the 
terms "gene" and "recombinant gene" refer to nucleic acid molecules comprising an open reading 
frame encoding an cxjd+kiva protein, preferably a mammalian ocid+kiva protein. Such natural 
allelic variations can typically result in 1-5% variance in the nucleotide sequence of an ocid+kiva 
gene. Any and all such nucleotide variations and resulting amino acid polymorphisms in 
ocid+kiva genes that are the result of natural allelic variation and that do not alter the functional 
activity of an (Xid+kiva protein are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding other ocid+kiva calcium channel family 
members and thus which have a nucleotide sequence which differs from the OCid+kiva sequences 
of SEQ ID NO:l and SEQ ID NO:3, are intended to be within the scope of the invention. For 
example, another ocid+kiva cDNA can be identified based on the nucleotide sequence of human 
ocid+kiva> Moreover, nucleic acid molecules encoding ocid+kiva proteins from different species, 
and thus which have a nucleotide sequence which differs from the ocid+kiva sequences of SEQ 
ID NO:l and SEQ ID NO:3 are intended to be within the scope of the invention. For example, a 
mouse ocid+kiva cDNA can be identified based on the nucleotide sequence of a human ocid+kiva- 
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Nucleic acid molecules corresponding.to natural allelic variants and homologues of the 
OCid+kiva cDNAs of the invention can be isolated based on their homology to the ocid+kiva 
nucleic acids disclosed herein using the cDNAs disclosed herein, or a portion thereof, as a 
hybridization probe according to standard hybridization techniques under stringent hybridization 
conditions. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
is at least 15, 20, 25, 30 or more nucleotides in length and hybridizes under stringent conditions 
to the nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:3. Preferably, 
the molecule hybridizes under highly stringent conditions. In other embodiments, the nucleic 
acid is at least 30, 300, 500, 700, 850, 950, or 2000 nucleotides in length. As used herein, the 
term "hybridizes under stringent conditions" is intended to describe conditions for hybridization 
and washing under which nucleotide sequences at least 60%, 85%, or 95% homologous to each 
other typically remain hybridized to each other. Hybridization conditions are known to those 
skilled in the art and can be found in Current Protocols in Molecular Biology, John Wiley & 
Sons, N.Y., 6.3.1-6.3.6, 1991. Moderate hybridization conditions, are defined as equivalent to 
hybridization in 2X sodium chloride/sodium citrate (SSC) at 30°C, followed by a wash in 1 X 
SSC, 0. 1% SDS at 50°C. Highly stringent conditions are defined as equivalent to hybridization 
in 6X sodium chloride/sodium citrate (SSC) at 45°C, followed by a wash in 0.2 X SSC, 0.1% 
SDSat65°C. 

An isolated nucleic acid molecule of the invention that hybridizes under moderate or 
highly stringent conditions to the sequence of SEQ ID NO: 3 can correspond to a naturally- 
occurring nucleic acid molecule. As used herein, a "naturally-occurring" nucleic acid molecule 
refers to an RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). 

In addition to naturally-occurring allelic variants of the (Xid+kiva sequences that may exist 
in the population, the skilled artisan will further appreciate that changes can be introduced by 
mutation into the nucleotide sequences of SEQ ID NO: 1 or SEQ ID NO:3, thereby leading to 
changes in the amino acid sequence of the encoded ccid+kiva proteins, without altering the 
functional ability of the (Xid+kiva proteins. For example, nucleotide substitutions leading to 
amino acid substitutions at "non-essential" amino acid residues can be made in the sequence of 
SEQ ID NO:l or SEQ ID NO:3. A "non-essential" amino acid residue is a residue that can be 
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altered from the wild-type sequence of cc^+kiva (e.g., the sequence of SEQ ID NO: 4) without 
altering the biological activity, whereas an "essential" amino acid residue is required for 
biological activity. For example, amino acid residues that are conserved among the ccid+kiva 
proteins of the present invention, are predicted to be particularly unamenable to alteration. 
Furthermore, additional amino acid residues that are conserved between the (Xid+kiva proteins of 
the present invention and other a JD calcium channel subunits are not likely to be amenable to 
alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules encoding 
^id+kiva proteins that contain changes in amino acid residues that are not essential for activity. 
Such ocid+kiva proteins differ in amino acid sequence from SEQ ID NO:4 yet retain biological 
activity. Biological activity can be measured by an assay described herein, e.g., a calcium 
channel activity assay, e.g., a Ca 2+ influx assay. In one embodiment, the isolated nucleic acid 
molecule comprises a nucleotide sequence encoding a protein, wherein the protein comprises an 
amino acid sequence at least about 65%, 75%, 85%, 95% or more homologous to SEQ ID NO: 4. 

An isolated nucleic acid molecule encoding an ocid+kiva protein homologous to the 
protein of SEQ ID NO: 4 can be created by introducing one or more nucleotide substitutions, 
additions or deletions into the nucleotide sequence of SEQ ID NO: 3 such that one or more 
amino acid substitutions, additions or deletions are introduced into the encoded protein. 
Mutations can be introduced into SEQ ID NO: 3 by standard techniques, such as site-directed 
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions can be 
made at one or more predicted non-essential amino acid residues. A "conservative amino acid 
substitution" is one in which the amino acid residue is replaced with an amino acid residue 
having a similar side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g., lysine, 
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side 
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side 
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), 
beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., 
tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted nonessential amino acid residue 
in an ocid+kiva protein is preferably replaced with another amino acid residue from the same side 
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chain family. Following mutagenesis of SEQ ID NO: 3, the encoded protein can be expressed 
recombinantly and the activity of the protein can be determined. 

A mutant OCid+kiva protein can be assayed for the ability to (1) interact with a non- 
cxid+kwa protein molecule, e.g., calcium channel or oc 2 /5 subunits, protein kinase A, protein 
kinase C; (2) activate an OCid+kiva -dependent signal transduction pathway; (3) modulate the 
release of neurotransmitters, (4) modulate membrane excitability, (5) modulate excitation- 
contraction coupling. 

In addition to the nucleic acid molecules encoding OCid+kiva proteins described above, 
another aspect of the invention pertains to isolated nucleic acid molecules which are antisense 
^thereto. An "antisense" nucleic acid comprises a nucleotide sequence which is complementary to 
a "sense" nucleic acid encoding a protein, e.g., complementary to the coding strand of a double- 
stranded cDNA molecule or complementary to an mRNA sequence. Accordingly, an antisense 
nucleic acid can hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire OCid+kiva coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the coding 
strand of a nucleotide sequence encoding (Xid+kiva. The term "coding region" refers to the region 
of the nucleotide sequence comprising codons which are translated into amino acid residues 
(e.g., the coding region of the human calcium channel ocjeh-kiva subunit corresponds to SEQ ID 
NO:3). In another embodiment, the antisense nucleic acid molecule is antisense to a "noncoding 
region" of the coding strand of a nucleotide sequence encoding ccid+kjva. term "noncoding 
region" refers to 5' and 3* sequences which flank the coding region that are not translated into 
amino acids (i.e., also referred to as 5' and 3' untranslated regions). 

Given the coding strand sequences encoding OCid+kiva disclosed herein (e.g., SEQ ID NO: 
1 and SEQ ID NO: 3), antisense nucleic acids of the invention can be designed according to the 
rules of Watson and Crick base pairing. The antisense nucleic acid molecule can be 
complementary to the entire coding region of OCid+kiva mRNA, but more preferably is an 
oligonucleotide which is antisense to only a portion of the coding or noncoding region of 
OCid+kiva mRNA. For example, the antisense oligonucleotide can be complementary to the region 
surrounding the translation start site of cx 1d+ kiva mRNA. The antisense oligonucleotide can be 
complementary to the region encoding the KTVA sequence, e.g., complementary to SEQ ID NO: 

1. An antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 
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nucleotides in length. An anti sense nucleic acid of the invention can be constructed using 
chemical synthesis and enzymatic ligation reactions using procedures known in the art. For 
example, an antisense nucleic acid (e.g., an aritisense oligonucleotide) can be chemically 
synthesized using naturally occurring nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to increase the physical stability of. the 
duplex formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives 
and acridine substituted nucleotides can be used: Examples of modified nucleotides which can be 
used to generate the antisense nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 
5-iodouracil, hypoxanthine, xantine, 4-acetylcy tosine, 5-(carboxyhydroxylmethyl) uraci 1,5- 
carboxymethylami nomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, 
beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, l-methylguanine, 1-methylinosine, 
2,2-dimethyl guanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, 
N6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, S'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6- 
isopentenyl adenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2- 
thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil,4-thiouracil, 5-methyluracil, uracil-5-oxyacetic 
acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2- 
carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the antisense nucleic acid 
can be produced biologically using an expression vector into which a nucleic acid has been 
subcloned in an antisense orientation (i.e., RNA transcribed from the inserted nucleic acid will 
be of an antisense orientation to a target nucleic acid of interest, described further in the 
following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding an aio+KivA protein to thereby inhibit expression of the protein, e.g., by 
inhibiting transcription and/or translation. The hybridization can be by conventional nucleotide 
complementarity to form a stable duplex, or, for example, in the case of an antisense nucleic acid 
molecule which binds to DNA duplexes, through specific interactions in the major groove of the 
double helix. An example of a route of administration of antisense nucleic acid molecules of the 
invention include direct injection at a tissue site. Alternatively, antisense nucleic acid molecules 
can be modified to target selected cells and then administered systemically. For example, for 
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systemic administration, antisense molecules can be modified such that they specifically bind to 

receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense nucleic 

acid molecules to peptides or antibodies which bind to cell surface receptors or antigens. The 

antisense nucleic acid molecules can also be delivered to cells using the vectors described herein. 

To achieve sufficient intracellular concentrations of the antisense molecules, vector constructs in 

which the antisense nucleic acid molecule is placed under the control of a strong pol II or pol m 

promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an a- 

anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific double- 
ts ^ 

stranded hybrids with complementary RNA in which, contrary to the usual p-units, the strands 
run" parallel to each other (Gaultier et ah Nucleic Acids. Res. 15:6625-6641, 1987). The antisense 
nucleic acid molecule can also comprise a ^'-o-methylribonucleotide (Inoue et al. (1987) Nucleic 
Acids Res. 15:6131-6148) or a chimeric RNA-DNA analogue (Inoue et al. FEES Lett. 215:327- 
330, 1987). 

In still another embodiment, an antisense nucleic acid of the invention is a ribozyme. 
Ribozymes are catalytic RNA molecules with ribonuclease activity which are capable of 
cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a complementary 
region. Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff and Gerlach 
Nature 334:585-591, 1988)) can be used to catalytically cleave ccid+kiva mRNA transcripts to 
thereby inhibit translation of ocid+kiva mRNA. A ribozyme having specificity for an (Xid+kiva~ 
encoding nucleic acid can be designed based upon the nucleotide sequence of an ccid+iova cDNA 
disclosed herein (i.e., SEQ ID NO: 1 or SEQ ID NO:3). For example, a derivative of a 
Tetrahymena L-19 TVS RNA can be constructed in which the nucleotide sequence of the active 
site is complementary to the nucleotide sequence to be cleaved in an ocid+kiva -encoding mRNA. 
See, e.g., Cech et al. U.S. Pat. No. 4,987,071; and Cech et al. U.S. Pat. No. 5,116,742. 
Alternatively, ocid+kiva mRNA can be used to select a catalytic RNA having a specific 
ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak, J. W. 
Science 261:1411-1418, 1993. L 

In another embodiment of the present invention, RNA interference (RNAi) can be used to 
inhibit the expression of an ocid+kiva protein. Various inhibitory RNAi molecules can be 
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identified and those that inhibit expression of an ai D+K ivA subunit can be formulated as 
pharmaceutical compositions to be administered in the methods of treatment described herein. 

RNAi is a term used to refer to the mechanism by which a particular mRNA is degraded 
in host cells. To inhibit an mRNA, double-stranded RNA (dsRNA) corresponding to a portion of 
the gene to be silenced (e.g., a gene encoding an a 1D+K iVA subunit polypeptide) is introduced into 
a cell. The dsRNA is digested into 21-25 nucleotide-long duplexes called short interfering 
RNAs (or siRNAs), which bind to a nuclease complex to form what is known as the RNA- 
induced silencing complex (or RISC). The RISC targets the homologous transcript by base 
pairing interactions between one of the siRNA strands and the endogenous mRNA. It then 
cleaves the mRNA about 12 nucleotides from the 3* terminus of the siRNA (see Sharp et al., 
Genes Dev. 15:485-490, 2001 , and Hammond et al., Nature Rev. Gen. 2:1 10-1 19, 2001). RNAi 
has proven successful in human cells, including human embryonic kidney andHeLa cells (see, 
e.g., Elbashir et al, Nature 41 1:494-498, 2001). Gene silencing can be induced in mammalian 
cells by enforcing endogenous expression of RNA hairpins (see Paddison et al.,Proc. Natl. 
Acad. Sci. USA 99:1443-1448, 2002) or by transfection of small (21-23 nt) dsRNA (reviewed in 
Caplen, Trends in Biotech. 20:49-5 1 , 2002). 

RNAi technology utilizes standard molecular biology methods. The dsRNA (which, 
here, for example, would correspond to the sequence encoding an an^KivA subunit polypeptide) 
can be produced by standard methods (e.g., by simultaneously transcribing both strands of a 
template DNA corresponding to an cxid+kjva subunit sequence with 17 RNA polymerase; the 
RNA can also be chemically synthesized or recombinantly produced). Kits for producing 
dsRNA are available commercially (from, e.g., New England Biolabs, Inc). The RNA used to 
mediate RNAi can include synthetic or modified nucleotides, such as phosphorothioate 
nucleotides. Methods of transfecting cells with dsRNA or with plasmids engineered to make 
dsRNA are also routine in the art. 

Gene silencing effects. similar to those observed with RNAi have been reported in 
mammalian cells transfected. with an mRNA-cDNA hybrid construct (Lin et al. , Biochem. 
Bivphys. Res. Comm. 281:639-644, 2001). Accordingly, mRNA-cDNA hybrids containing 
ocid+kiva subunit sequence, as well as duplexes that contain a 1D+K iVA subunit sequence (e.g. , 
duplexes containing 21-23 bp monomers), are within the scope of the present invention. The 
hybrids and duplexes can be tested for activity according to the assays described herein (i.e., they 
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can serve as the test agents), and those that exhibit inhibitory activity can be used to treat patients 
who have, or who may develop, a disease or condition associated with an oci d+ktva subunit 
activity, e.g., a heart disease. 

The dsRNA molecules of the invention (double-stranded RNA molecules corresponding 
to portions of an 0Cid+kiva subunit gene) can vary in a number of ways. For example, they can 
include a 3' hydroxy! group and, as noted above, can contain strands of 21, 22, or 23 consecutive 
nucleotides. Moreover, they can be blunt ended or include an overhanging end at either the 3* 
end, the 5' end, or both ends. For example, at least one strand of the RNA molecule can have a 
3* overhang from about 1 to about 6 nucleotides (e.g., 1-5, 1-3, 2-4 or 3-5 nucleotides (whether 
pyrimidiiie or purine nucleotides) in length. Where both strands include an overhang, the length 
of the overhangs may be the same or different for each strand. To further enhance the stability of 
the RNA duplexes, the 3' overhangs can be stabilized against degradation (by, e.g., including 
purine nucleotides, such as adenosine or guanosine nucleotides or replacing pyrimidine 
nucleotides by modified analogues (e.g., substitution of uridine 2 nucleotide 3' overhangs by 2'- 
deoxythymidine is tolerated and does not affect the efficiency of RNAi). The single stranded 
ccid+kiva subunit RNA molecules that make up the duplex or hybrid inhibitor, or that act simply 
as antisense RNA oligonucleotides, are also within the scope of the invention. Any dsRNA can 
be used in the methods of the present invention, provided it has sufficient homology to a target 
gene of interest, e.g., an ccid+kiva subunit gene, to mediate RNAi. While duplexes having 21-23 
nucleotides are described above, the invention is not so limited; there is no upper limit on the 
length of the dsRNA that can be used (e.g., the dsRNA can range from about 21 base pairs of the 
gene to the full length of the gene or more (e.g., 50-100, 100-250, 250-500, 500-1000, or over 
1000 base pairs). 

When these nucleic acids are administered to a human, they can reduce ocid+kiva subunit 
mRNA levels, thereby inhibiting expression of an a 1D+K ivA subunit. The cell or organism is 
maintained under conditions in which <x 1d+K iva subunit mRNA is degraded, thereby mediating 
RNAi in the cell or organism. Alternatively, cells can be obtained from the individual, treated ex 
vivo, and re-introduced into the individual. 

In yet another embodiment, the cXid+kiva nucleic acid molecules of the present invention 
can be modified at the base moiety, sugar moiety or phosphate backbone to improve, e.g., the 
stability, hybridization, or solubility of the molecule. For example, the deoxyribose phosphate 
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backbone of the nucleic acid molecules can be modified to generate peptide nucleic acids (see 
Hyrup B. et al. Bioorganic & Medicinal Chemistry 4 (1): .5-23, 1996). As used herein, the terms 
"peptide nucleic acids" or "PNAs" refer to nucleic acid mimics, e.g., DNA mimics, in which the 
deoxyribose phosphate backbone is replaced by a pseudopeptide backbone and only the four 
natural nucleobases are retained. The neutral backbone of PNAs has been shown to allow for 
specific hybridization to DNA and RNA under conditions of low ionic strength. The synthesis of 
PNA oligomers can be performed using standard solid phase peptide synthesis protocols as 
described in Hyrup B. et al. supra; Perry-O'Keefe et al. Proc. Natl Acad. Set 93: 14670-675, 
1996. 

PNAs of ocieh-kiva nucleic acid molecules can be used in therapeutic and diagnostic 
applications. For example, PNAs can be used as antisense or antigene agents for sequence- 
specific modulation of gene expression by, for example, inducing transcription or translation 
arrest or inhibiting replication. PNAs of cxieh-kiva nucleic acid molecules can also be used in the 
analysis of single base pair mutations in a gene, (e.g., by PNA-directed PCR clamping); as 
"artificial restriction enzymes" when used in combination with other enzymes, (e.g., SI nucleases 
(Hyrup B. , supra)); or as probes or primers for DNA sequencing or hybridization (Hyrup B. et 
al., supra; Perry-O'Keefe, supra). 

In another embodiment, PNAs of ccid+kiva can be modified, (e.g., to enhance their 
stability or cellular uptake), by attaching lipophilic or other helper groups to PNA, by the 
formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug 
delivery known in the art. 

In other embodiments, the oligonucleotide may include other appended groups such as 
peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport across the 
cell membrane (see, e.g., Letsinger et al. Proc. Natl Acad. Sci. US. 86:6553-6556, 1989; 
Lemaitre et al. Proc. Natl Acad. ScL USA 84:648-652, 1987; PCT Publication No. 
WO88/09810) or the blood-brain barrier (see, e.g., PCT Publication No. WO89/10134). In 
addition, oligonucleotides can be modified with hybridization-triggered cleavage agents (See, 
e.g., Krol et al. Bio-Techniques 6:958-976, 1988) or intercalating agents. (See, e.g., Zon Phartn. 
Res. 5:539-549, 1988). To this end, the oligonucleotide may be conjugated to another molecule, 
(e.g., a peptide, hybridization triggered cross-linking agent, transport agent, or hybridization- 
triggered cleavage agent). 
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Isolated (Xjd+kiva Proteins and Anti-OCiD+KiVA Antibodies 

One aspect of the invention pertains to isolated calcium channel ocid+kiva subunit 
proteins, and biologically active portions thereof, as well as polypeptide fragments suitable for 
use as imrriunogens to raise anti-a 1D+K ivA antibodies. In one embodiment, native ocid+ktva 
proteins can be isolated from cells or tissue sources by an appropriate purification scheme using 
standard protein purification techniques. In another embodiment, 0Ci D+ kiva proteins are produced 
by recombinant DNA techniques. Alternative to recombinant expression, an aio+icrvA protein or 
polypeptide can be synthesized chemically using standard peptide synthesis techniques. 
* An "isolated" or "purified" protein or biologically active portion thereof is substantially 

free of cellular material or other contaminating proteins from the cell or tissue source from which 
:the ocid+kiva protein is derived, or substantially free from chemical precursors or other chemicals 
when chemically synthesized. The language "substantially free of cellular material" includes 
preparations of o&id+ktva protein in which the protein is separated from cellular components of 
the cells from which it is isolated or recombinantly produced. In one embodiment, the language 
"substantially free of cellular material" includes preparations of (Xi D+ kiva protein having less than 
about 30% (by dry weight) of non-ai D+K iVA protein (also referred to herein as a "contaminating 
protein"), more preferably less than about 20%, 10%, or 5% of non-am+KiVA protein. When the 
ocid+kiva protein or biologically active portion thereof is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture medium represents less than about 
20%, 10%, or 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of ocje^kiva protein in which the protein is separated from chemical precursors or 
other chemicals which are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations of 
oCid+kiva protein having less than about 30%, 20%, 10%, or 5% (by dry weight) of chemical 
precursors or non-otiD+KivA chemicals. 

As used herein, a "biologically active portion" of an (Xid+kiva protein includes a fragment 
of an (Xid+kiva protein which participates in an interaction between an ociem-kiva molecule and a 
non-ociD+KivA molecule. Biologically active portions of an (Xid+kiva protein include peptides 
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comprising amino acid sequences sufficiently homologous to or derived from the amino acid 
sequence of the oci D +kiva protein, e.g., the amino acid sequence shown in SEQ ID NO: 2 or SEQ 
ID NO: 4, which include less amino acids than the full length ocid+kiva proteins, and exhibit at 
least one activity of an (Xid+kiva protein. Typically, biologically active portions comprise a 
domain or motif with at least one activity of the ocid+kiva protein, e.g., binding of a (3, y> or 0^/5 
calcium channel subunit. Biologically active portions of an ocid+kiva protein can be used as 
targets for developing agents which modulate a calcium channel mediated activity. 

In one embodiment, a biologically active portion of an OCjd+kiva protein comprises at least 
one transmembrane domain. Biologically active portions of ocid+kiva proteins mediate an 
ocid+kiva subunit activity and include one or more features of an cxid+kiva subunit protein, e.g., a 
KTVA sequence, and/or the absence of the amino acid sequence of SEQ ID NO: 8 and/or SEQ ID 
NO: 10. Biologically active portions, in which other regions of the protein are deleted, can be 
prepared by recombinant techniques and evaluated for one or more of the functional activities of 
a native cciem-riva protein. 

In one embodiment, the ocid+kiva protein has an amino acid sequence shown in SEQ ID 
NO: 2 or SEQ ID NO: 4, or is substantially homologous to SEQ ID NO: 2 or SEQ ID NO: 4, and 
retains the functional activity of the protein of SEQ ID NO: 4, yet differs in amino acid sequence 
due to natural allelic variation or mutagenesis, as described in detail in the section on 
nucleotides. 

Accordingly, in another embodiment, the 0Ch>+kiva protein is a protein which comprises 
an amino acid sequence at least about 50%, 75%, 85%, 95%, 99% or more homologous to SEQ 
ID NO: 2 or SEQ ID NO: 4. 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 

the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in the 

sequence of a first amino acid or nucleic acid sequence for optimal alignment with a second 

amino or nucleic acid sequence and non-homologous sequences can be disregarded for 

comparison purposes). The length of a reference sequence aligned for comparison purposes can 

be at least 50%, even 70%, 80%, or 90% of the length of the reference sequence. The amino 

acid residues or nucleotides at corresponding amino acid positions or nucleotide positions are 

then compared. When a position in the first sequence is occupied by the same amino acid residue 

or nucleotide as the corresponding position in the second sequence, then the molecules are 
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homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" is 
equivalent to amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences (i.e., % 
homology= # of identical positions/total # of positions x 100). 

The comparison of sequences and determination of percent homology between two 
sequences can be accomplished using a mathematical algorithm. A preferred, non-limiting 
example of a mathematical algonthim utilized for the comparison of sequences is the algorithm 
of Karlin and Altschul Proc. Natl Acad. Sci. USA 87:2264-68, 1990, modified as in Karlin and 
Altschul Proc. Natl Acad. Sci. USA 90:5873-77, 1993. Such an algorithm is incorporated into 
the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. /. Mol Biol 215:403-10, 
1990. BLAST nucleotide searches can be performed with the NBLAST program, score=100, 
wordlength=12 to obtain nucleotide sequences homologous to ccid+kiva nucleic acid molecules 
of the invention. BLAST protein searches can be performed with the XBLAST program, 
score=50, wordlength=3 to obtain amino acid sequences homologous to ccid+kiva protein 
molecules of the invention. To obtain gapped alignments for comparison purposes, Gapped 
BLAST can be utilized as described in Altschul et al., Nucleic Acids Res. 25(17): 3389-3402, 
1997. When utilizing BLAST and Gapped BLAST programs, the default parameters of the 
respective programs (e.g., XBLAST and NBLAST) can be used. See the website for the National 
Center for Biotechnology Information. Another non-limiting example of a mathematical 
algorithm utilized for the comparison of sequences is the algorithm of Myers and Miller, 
CABIOS (1989). Such an algorithm is incorporated into the ALIGN program (version 2.0) which 
is part of the GCG sequence alignment software package. When utilizing the ALIGN program 
for comparing amino acid sequences, a PAMI120 weight residue table, a gap length penalty of 
12, and a gap penalty of 4 can be used. 

The invention also provides ocid+kiva chimeric or fusion proteins. As used herein, an 
cxid+kiva "chimeric protein" or "fusion protein" comprises an a 1D +KiVA polypeptide operatively 
linked to a non-otiD+KivA polypeptide. An "ocid+kiva polypeptide" refers to a polypeptide having 
an amino acid sequence corresponding to ocid+kiva, whereas a "non- ocid+kiva polypeptide" refers 
to a polypeptide having an amino acid sequence corresponding to a protein which is not 
substantially homologous to the (Xid+kiva protein, e.g., a protein which is different from the 
otiD+KTVA protein and which is derived from the same or a different organism, or a protein which 
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does not contain one or more of the features of the a ]D+K ivA proteins described herein, such as 
the presence of a KIVA sequence, and the absence of the sequences of SEQ ID NO: 8 and/or 
SEQ ID NO: 10. Within an cCid+kiva fusion protein the ocid+kiva polypeptide can correspond to 
all or a portion of an ai D+K ivA protein. In a preferred embodiment, an (Xiem-kiva fusion protein 
comprises at least one biologically active portion of an ccid+kiva protein. In another preferred 
embodiment, an ocid+iova -fusion protein comprises at least two biologically active portions of an 
ocid+kiva protein. Within the fusion protein, the term "operatively linked" is intended to indicate 
that the (Xid+kiva polypeptide and the non-ai D+K iVA polypeptide are fused in-frame to each other. 
The non-aiD+KiVA polypeptide can be fused to the N-terminus or C-terminus of the CXid+ktva 
polypeptide. 

For example, in one embodiment, the fusion protein is a GST-ocip+kiva fusion protein in 
which the ocid+kiva sequences are fused to the C-terminus of the GST sequences. Such fusion 
proteins can facilitate the purification of recombinant ocid+kiva- 

In another embodiment, the fusion protein is an ociem-kjva protein containing a 
heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian host cells), 
expression of ocid+kiva can be increased through use of a heterologous signal sequence. 

The oc 1d+ kiva fusion proteins of the invention can be incorporated into pharmaceutical 
compositions and administered to a subject in vivo. The ocid+kiva fusion proteins can be used to 
affect the bioavailability of an cci D+K jva substrate. Use of ocid+kiva fusion proteins may be useful 
therapeutically for the treatment of disorders related to calcium channel activity, e.g., 
cardiovascular disorders such as arteriosclerosis, ischemia reperfusion injury, restenosis, arterial 
inflammation, vascular wall remodeling, ventricular remodeling, rapid ventricular pacing, 
coronary microembolism, tachycardia, bradycardia, pressure overload, aortic bending, coronary 
artery ligation, vascular heart disease, atrial fibrilation, long-QT syndrome, congestive heart 
failure, sinus node disfunction, angina, heart failure, hypertension, atrial fibrillation, atrial flutter, 
dilated cardiomyopathy, idiopathic cardiomyopathy, myocardial infarction, coronary artery 
disease, coronary artery spasm, or arrhythmia. 

Moreover, the GCiD+KivA-fusion proteins of the invention can be used as immunogens to 
produce anti-oci D+K ivA antibodies in a subject, to purify aio+KivA ligands and in screening assays 
to identify molecules which inhibit the interaction of ocid+kiva with an ai D+K ivA substrate. 
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An aiD+KP/A chimeric or fusion protein of the invention can be produced by standard 
recombinant DN A techniques. For example, DNA fragments coding for the different polypeptide 
sequences are ligated together in-frame in accordance with conventional techniques, for example 
by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme digestion to 
provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline phosphatase 
treatment to avoid undesirable joining, and enzymatic ligation. The fusion gene can be 
synthesized by conventional techniques including automated DNA synthesizers. Alternatively, 
PCR amplification of gene fragments can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene fragments which can subsequently be 
annealed and reamplified to generate a chimeric gene sequence (see, for example, Current 
Protocols in Molecular Biology, eds. Ausubel et al. John Wiley & Sons: 1992). Moreover, many 
expression vectors are commercially available that already encode a fusion moiety (e.g., a GST 
polypeptide). An cx 1d+ kiva -encoding nucleic acid can be cloned into such an expression vector 
such that the fusion moiety is linked in-frame to the ocid+kiva protein. 

The present invention also pertains to variants of the ocid+kiva proteins which function as 
either aio+KiVA agonists (mimetics) or as ocid+kiva antagonists. Variants of the ocid+ktva proteins 
can be generated by mutagenesis, e.g., discrete point mutation or truncation of an (Xid+kiva 
protein. An agonist of the ocid+kiva proteins can retain substantially the same, or a subset, of the 
biological activities of the naturally occurring form of an ocid+kiva protein. An antagonist of an 
ocid+kiva protein can inhibit one or more of the activities of the naturally occurring form of the 
ocid+kiva protein by, for example, competitively modulating a calcium channel mediated activity 
of an ocid+kiva protein. Thus, specific biological effects can be elicited by treatment with a 
variant of limited function. In one embodiment, treatment of a subject with a variant having a 
subset of the biological activities of the naturally occurring form of the protein has fewer side 
effects in a subject relative to treatment with the naturally occurring form of the ocid+kiva protein. 

In one embodiment, variants of an (Xid+kiva protein which function as either ocid+kiva 
agonists (mimetics) or as ocid+kiva antagonists can be identified by screening combinatorial 
libraries of mutants, e.g., truncation mutants, of an (Xid+kiva protein for OCid+ktva protein agonist 
or antagonist activity. In one embodiment, a variegated library of ocid+kiva variants is generated 
by combinatorial mutagenesis at the nucleic acid level and is encoded by a variegated gene 
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library. A variegated library of cxid+kiva variants can be produced by, for example, enzymatically 
ligating a mixture of synthetic oligonucleotides into gene sequences such that a degenerate set of 
potential ociem-kiva sequences is expressible as individual polypeptides, or alternatively, as a set 
of larger fusion proteins (e.g., for phage display) containing the set of (Xid+kiva sequences 
therein. There are a variety of methods that can be used to produce libraries of potential aw +KiWA 
variants from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene 
sequence can be performed in an automatic DNA synthesizer, and the synthetic gene then ligated 
into an appropriate expression vector. Use of a degenerate set of genes allows' for the provision, 
in one mixture, of all of the sequences encoding the desired set of potential ccid+kiva sequences. 
Methods for synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang, S. 
A. Tetrahedron 39:3, 1983; Itakura et aL Annu. Rev. Biochem. 53:323, 1984; Itakura et al. 
Science 19S:1056, 1984; Ike et al. Nucleic Acid Res. 11:477, 1983. 

In addition, libraries of fragments of an ccid+kiva protein coding sequence can be used to 
generate a variegated population of OCid+kiva fragments for screening and subsequent selection of 
variants of an ocid+kiva protein. 

The (Xid+kiva proteins described herein can be directly or indirectly labeled with a 
detectable substance to facilitate detection of the bound or unbound binding agent. Suitable 
detectable substances include various enzymes, prosthetic groups, fluorescent materials, 
luminescent materials and radioactive materials. 

An isolated cxid+kiva protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind ocid+kiva using standard techniques for polyclonal 
and monoclonal antibody preparation. A full-length ccid+kiva protein can be used or, 
alternatively, the invention provides antigenic peptide fragments of ocid+kiva for use as 
immunogens. The antigenic peptide of 0Ci D +kiva comprises the amino acid sequence of SEQ ID 
NO: 2, or at least 8 amino acid residues of the amino acid sequence shown in SEQ ID NO: 4, 
particularly in the regions of ocieh-kiva which are distinct from the amino acid sequence of SEQ 
ID NO: 6, and encompasses an epitope of ocid+kiva such that an antibody raised against the 
peptide forms a specific immune complex with ccid+kiva. Preferably, the antigenic peptide 
comprises at least 10,15, 20 or 30 amino acid residues. 



30 



WO 2005/001060 PCT/US2004/020397 

An CXid+kiva immunogen typically is used to prepare antibodies by immunizing a suitable 
subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An appropriate 
immunogenic preparation can contain, for example, recombiftantly expressed otiD+KJVA protein or 
a chemically synthesized cxid+kiva polypeptide. The preparation can further include an adjuvant, 
such as Freund's complete or incomplete adjuvant, or similar immunpstimulatory agent. 
Immunization of a suitable subject with an immunogenic cxid+kiva preparation induces a 
polyclonal anti-aio+KivA antibody response. 

Accordingly, another aspect of the invention pertains to anti-otiD+KivA antibodies. The 
term "antibody" as used herein refers to immunoglobulin molecules and immunologically active 
portions of immunoglobulin molecules, i.e., molecules that contain an antigen binding site which 
specifically binds (immunoreacts with) an antigen, such as CXid+kiva- Examples of 
immunologically active portions of immunoglobulin molecules include F(ab) and F(ab ! )2 
fragments which can be generated by treating the antibody with an enzyme such as pepsin. The 
invention provides polyclonal and monoclonal antibodies that bind ocid+kiva- The term 
"monoclonal antibody" or "monoclonal antibody composition", as used herein, refers to a 
population of antibody molecules that contain only one species of an antigen binding site capable 
of immunoreacting with a particular epitope of cxid+kiva- A monoclonal antibody composition 
thus typically displays a single binding affinity for a particular ociem-kiva protein with which it 
immunoreacts. 

Polyclonal anti-ociD+KivA antibodies can be prepared as described above by immunizing a 
suitable subject with an OCid+kiva immunogen. The anti-aio+KiVA antibody titer in the immunized 
subject can be monitored over time by standard techniques, such as with an enzyme linked 
immunosorbent assay (ELISA) using immobilized cxid+kiva- If desired, the antibody molecules 
directed against ccjd+kiva can be isolated from the mammal (e.g., from the blood) and further 
purified by known techniques, such as protein A chromatography to obtain the IgG fraction. At 
an appropriate time after immunization, e.g., when the anti-aiD+KiVA antibody titers are highest, 
antibody-producing cells can be obtained from the subject and used to prepare monoclonal 
antibodies by standard techniques, such as the hybridoma technique originally described by 
Kohler and Milstein {191 5) Nature 256:495-497) (see also, Brown et al. 7. Immunol. 127:539-46, 
1981; Brown et al. /. Biol Chem. 255:4980-83, 1980; Yeh et al. Proc. Natl Acad. Set USA 
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76:2927-31, 1976; and Yeh et al. Int. J. Cancer 29:269-75, 1982), the more recent human B cell 
hybridoma technique (Kozbor et al. Immunol Today 4:72, 1983), the EBV-hybridoma technique 
(Cole et al. Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96, 1985) or 
trioma techniques. The technology for producing monoclonal antibody hybridomas is well 
known (see generally R. H. Kenneth, in Monoclonal Antibodies: A New Dimension In 
Biological Analyses, Plenum Publishing Corp., New York, N.Y. (1980); E. A. Lerner Yale J. 
Biol Med., 54:387-402, 1981; M. L. Gefter et al. Somatic Cell Genet. 3:231-36, 1977). Briefly, 
an immortal cell line (typically a myeloma) is fused to lymphocytes (typically splenocytes) from 
a mammal immunized with an (Xid+kiva immunogen as described above, and the culture 
supernatants of the resulting hybridoma cells are screened to identify a hybridoma producing a 
monoclonal antibody that binds cxid+kiva- 

Any of the many well known protocols used for fusing lymphocytes and immortalized 
cell lines can be applied for the purpose of generating an anti-an>+KivA monoclonal antibody 
(see, e.g., G. Galfre et al. Nature 266:55052, 1977; Gefter et al. Somatic Cell Genet. y cited supra; 
Lemer, Yale /. Biol Med. 7 cited supra; Kenneth, Monoclonal Antibodies, cited supra). 
Moreover, the skilled worker will appreciate that there are many variations of such methods 
which also would be useful. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal anti- 
oCid+kiva antibody can be identified and isolated by screening a recombinant combinatorial 
immunoglobulin library (e.g., an antibody phage display library) with cxi D+ kiva to thereby isolate 
immunoglobulin library members that bind CXid+kiva- Kits for generating and screening phage 
display libraries are commercially available (e.g., the Pharmacia Recombinant Phage Antibody 
System, Catalog No. 27-9400-01). Additionally, examples of methods and reagents particularly 
amenable for use in generating and screening antibody display libraries can be found in, for 
example, Ladner et al. U.S. Pat. No. 5,223,409; Kang.et al. PCT International Publication No. 
WO 92/18619; and McCafferty et al. Nature 348:552-554, 1990. 

Additionally, recombinant anti-aiEMavA antibodies, such as chimeric and humanized 
monoclonal antibodies, comprising both human and non-human portions, which can be made 
using standard recombinant DNA techniques, are within the scope of the invention. Such 
chimeric and humanized monoclonal antibodies can be produced by recombinant DNA 
techniques known in the art, for example using methods described in Robinson et al. 

32 



WO 2005/001060 PCT/US2004/020397 

International Application No. PCT/US86/02269; Akira, et al. European Patent Application 
184,187; Taniguchi, M., European Patent Application 171,496; Morrison et al. European Patent 
Application 173,494; Neuberger et al. PCT International publication No. "WO 86/01533; Cabilly 
et al. U.S. Pat; No. 4,816,567; Cabilly et al. European Patent Application 125,023; Better et al. 
Science 240:1041-1043, 1988; Liu et al. Proc. Natl. Acad. Sci. USA 84:3439-3443, 1987; Liu et 
al. J. Immunol. 139:3521-3526, 1987; Sun et al. Proc. Natl. Acad. Sci. USA 84:214-218, 1987; 
Nishimura et al. Cane. Res. 47:999-1005, 1987; Wood et al. Nature 314:446-449, 1985; and 
Shaw et al. J. Natl. Cancer Inst. 80:1553-1559, 1988); Morrison, S. L. Science 229:1202-1207, 
1985; Oi et al. BioTechniques 4:214, 1986; Winter U.S. Pat. No. 5,225,539; Jones et al. Nature 
321:552-525, 1986; Verhoeyan et al. Science 239:1534, 1988; and Beidler et al. J. Immunol. 
141:4053-4060, 1988. 

An anti-otiD+KTVA antibody (e.g., monoclonal antibody) can be used to isolate cxid+kjva by 
standard techniques, such as affinity chromatography or immunoprecipitation. An anti-aio+KivA 
antibody can facilitate the purification of natural oiid+kiva from cells and of recombinantly 
produced CCid+kiva expressed in host cells. Moreover, an anti-a 1D+K ivA antibody can be used to 
detect oCid+kiva protein (e.g., in a cellular lysate or cell supernatant) in order to evaluate the 
abundance and pattern of expression of the CCid+kiva protein. Anti-otiD+KiVA antibodies can be 
used diagnostically to monitor protein levels in tissue as part of a clinical testing procedure, e.g., 
to, for example, determine the efficacy of a given treatment regimen. Detection can be facilitated 
by coupling (i.e., physically linking) the antibody to a detectable substance. Examples of 
detectable substances include various enzymes, prosthetic groups, fluorescent materials, 
luminescent materials, bioluminescent materials, and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, alkaline phosphatase, -galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin/biotin 
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein, 
fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or 
phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include 125 1, 35 S, or 3 H. 
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Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding an ocid+kiva protein (or a portion thereof). As used herein, the 
term "vector" refers to a nucleic acid molecule capable of transporting another nucleic acid to 
which it has been linked. One type of vector is a "plasmid", which refers to a circular double 
stranded DNA loop into which additional DNA segments can be ligated. Another type of vector 
is a viral vector, wherein additional DNA segments can be ligated into the viral genome. Certain 
vectors are capable of autonomous replication in a host cell into which they are introduced (e.g., 
bacterial vectors having a bacterial origin of replication and episomal mammalian vectors). 
Other types of vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of 
a host cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes to which they 
are operatively linked. Such vectors are referred to herein as "expression vectors". In general, 
expression vectors of utility in recombinant DNA techniques are often in the form of plasmids. 
Herein, "plasmid" and "vector" can be used interchangeably as the plasmid is the most 
commonly used form of vector. However, the invention is intended to include such other foiras 
of expression vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses 
and adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 
of the host cells to be used for expression, which is operatively linked to the nucleic acid 
sequence to be expressed. Within a recombinant expression vector, "operably linked" is intended 
to mean that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a 
manner which allows for expression of the nucleotide sequence (e.g., in an in vitro 
transcription/translation system or in a host cell when the vector is introduced into the host cell). 
The term "regulatory sequence" is intended to includes promoters, enhancers and other 
expression control elements (e.g., polyadenylation signals). Such regulatory sequences are 
described, for example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990). Regulatory sequences include those which direct 
constitutive expression of a nucleotide sequence in many types of host cell and those which 
direct expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific 
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regulatory sequences). It will be appreciated by those skilled in the art that the design of the 
expression vector can depend on such factors as the choice of the host cell to be transformed, the 
level of expression of protein desired, and the like. The expression vectors of the invention can 
be introduced into host cells to thereby produce proteins or peptides, including fusion proteins or 
peptides, encoded by nucleic acids as described herein (e.g., 0C] D +kiva proteins, mutant forms of 
<XtD+KrvA proteins, fusion proteins, and the like). 

The recombinant expression vectors of the invention can be designed for expression of 
ocid+kiva proteins in prokaryotic or eukaryotic cells. For example, ocid+kiva proteins can be 
expressed in bacterial cells such as E. coli, insect cells (using baculovirus expression vectors), 
y£ast cells, amphibian cells, or mammalian cells. Suitable host cells are discussed further in 
Goeddel, Gene Expression Technology: Methods in Enzymology 185, Academic Press, San 
EWego, Calif . (1990). Alternatively, the recombinant expression vector can be transcribed and 
translated in vitro, for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with vectors 
containing constitutive or inducible promoters directing the expression of either fusion or non- 
fusion proteins. 

Purified fusion proteins can be utilized in ccjd+kjva activity assays, (e.g., direct assays or 
competitive assays described in detail below), or to generate antibodies specific for cxiih-kiva, for 
example. 

In another embodiment, the ccid+kiva expression vector is a yeast expression vector. 
Examples of vectors for expression in yeast 5. cerivisae include pYepSecl (Baldari, et al., (1987) 
EMBOJ. 6:229-234), pMFa (Kurjan and Herskowitz, Cell 30:933-943, 1982), pJRY88 (Schultz 
et al., Gene 54:113-123, 1987), pYES2 (Invitrogen Corporation, San Diego, Calif.), and picZ 
(InVitrogen Corp, San Diego, Calif.). 

Alternatively, aiD+KivA proteins can be expressed in insect cells using baculovirus 
expression vectors. Baculovirus vectors available for expression of proteins in cultured insect 
cells (e.g., Sf 9 cells) include the pAc series (Smith et al. Mol Cell Biol 3:2156-2165, 1983) and 
the pVL series (Lucklow and Summers Virol. 170:31-39, 1989). 

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 
cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDMS (Seed, B. Nature 329:840, 1987) and pMT2PC (Kaufman et al. EMBO J. 6:187-195, 
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1987). When used in mammalian cells, the expression vector's control functions are often 
provided by viral regulatory elements. For example, commonly used promoters are derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fritsh, 
E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
directing expression of the nucleic acid preferentially in a particular cell type (e.g., tissue- 
specific regulatory elements are used to express the nucleic acid). Tissue-specific regulatory 
elements are known in the art. Non-limiting examples of suitable tissue-specific promoters 
include the albumin promoter (liver-specific; Pinkert et al. Genes Dev. 1:268-277, 1987), 
lymphoid-specific promoters (Calame and Eaton Adv. Immunol 43:235-275, 1988), in particular 
promoters of T cell receptors (Winoto and Baltimore EMBO J. 8:729-733, 1989) and 
immunoglobulins (Banerji et al. Cell 33:729-740, 1983; Queen and Baltimore Cell 33:741-748, 
19S3), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle Proc. 
Natl. Acad. ScL USA 86:5473-5477, 1989), pancreas-specific promoters (Edlundet al. Science 
230:912-916, 1985), and mammary gland-specific promoters (e.g., milk whey promoter, U.S. 
Pat. No. 4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, for example the murine hox promoters (Kessel and 
Gruss Science 249:374-379, 1990 and the oc-fetoprotein promoter (Campes and Tilghman Genes 
Dev. 3:537-546, 1989). 

The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
the DNA molecule is operatively linked to a regulatory sequence in a manner which allows for 
expression (by transcription of the DNA molecule) of an RNA molecule which is antisense to 
ccjd+kiva mRNA. Regulatory sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen which direct the continuous expression of the antisense RNA 
molecule in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen which direct constitutive, tissue specific or cell type specific expression 
of antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in which antisense nucleic acids are produced under the control of 
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a high efficiency regulatory region, the activity of which can be determined by the cell type into 
which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see Weintraub, H. et aL, Antisense RNA as a molecular tool for genetic analysis, 
Trends in Genet, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a nucleic acid, e.g., an 
otiD+KiVA mRNA, or a recombinant expression vector of the invention has been introduced. The 
terms "host cell" and "recombinant host cell" are used interchangeably herein. It is understood 
that such terms refer not only to the particular subject cell but to the progeny or potential 
progeny of such a cell. Because certain modifications may occur in succeeding generations due 
to-either mutation or environmental influences, such progeny may not, in fact, be identical to the 
parent cell, but are still included within the scope of the term as used herein. 

„ A host cell can be any prokaryotic or eukaryotic cell. For example, an (Xid+kiva protein 
can be expressed in bacterial cells such as E. coli, insect cells, yeast cells, Xenopus cells, e.g., 
Xenopus oocytes, or mammalian cells (such as Chinese hamster ovary cells (CHO) or COS 
cells). Other suitable host cells are known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, the terms "transformation" and 
"transfection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et aL 
(Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Spring Harbor Laboratory, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989), and other laboratory manuals. 
Nucleic acids can also be introduced by microinjection. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may integrate 
the foreign DNA into their genome. In order to identify and select these integrants, a gene that 
encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into the host 
cells along with the gene of interest. Preferred selectable markers include those which confer 
resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding a 
selectable marker can be introduced into a host cell on the same vector as that encoding an 
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ctiD+KrvA protein or can be introduced on a separate vector. Cells stably transfected with the 
introduced nucleic acid can be identified by drug selection (e.g., cells that have incorporated the 
selectable marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 
be used to produce (i.e., express) an ccid+kiv a protein. Accordingly, the invention further 
provides methods for producing an OCid+kiva protein using the host cells of the invention. 

The nucleic acid molecules of the invention can be inserted into vectors and used as gene 
therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration (see U.S. Pat. No. 5,328,470) or by stereotactic injection (see e.g., 
Chen et al. Proc. Natl Acad Set USA 91:3054-3057, 1994). The pharmaceutical preparation of 
the gene therapy vector can include the gene therapy vector in an acceptable diluent, or can 
comprise a slow release matrix in which the gene delivery vehicle is imbedded. Alternatively, 
where the complete gene delivery vector can be produced intact from recombinant cells, e.g., 
retroviral vectors, the pharmaceutical preparation can include one or more cells which produce 
the gene delivery system. 

Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, and antibodies described 
herein can be used in one or more of the following methods: a) screening assays; b) predictive 
medicine (e.g., diagnostic assays, prognostic assays, monitoring clinical trials, and 
pharmacogenetics); and c) methods of treatment (e.g., therapeutic and prophylactic). 

The isolated nucleic acid molecules of the invention can be used, for example, to express 

ccid+kiva protein (e.g., via a recombinant expression vector in a host cell in gene therapy 

applications), to detect OCid+kiva mRNA (e.g., in a biological sample) or a genetic alteration in a 

gene encoding an OCid+kiva protein, and to modulate ccid+kiva activity, as described further 

below. The oc 1d+K iva proteins can be used to treat disorders characterized by insufficient or 

excessive production of an cxi D+ kiva substrate or production of OCid+kiva inhibitors. In addition, 

the OCid+kiva proteins can be used to screen for naturally occurring OCid+kiva substrates, to screen 

for drugs or compounds which modulate (Xiem-kiva activity, as well as to treat disorders 

characterized by insufficient or excessive production of cciem-iova protein or production of 

OCid+kiva protein forms which have decreased or aberrant activity compared to OCid+kiva wild type 
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protein, e.g., cardiovascular disorders such as arteriosclerosis, ischemia reperfusi on injury, 
restenosis, arterial inflammation, vascular wall remodeling, ventricular remodeling, rapid 
ventricular pacing, coronary microembolism, tachycardia, bradycardia, pressure overload, aortic 
bending, coronary artery ligation, vascular heart disease, atrial fibrilation, long-QT syndrome, 
congestive heart failure, sinus node disfunction, angina, heart failure, hypertension, atrial 
fibrillation, atrial flutter, dilated cardiomyopathy, idiopathic cardiomyopathy, myocardial 
infarction, coronary artery disease, coronary artery spasm, or arrhythmia. Moreover, the anti- 
Wio+KivA antibodies of the invention can be used to detect and isolate cciem-iova proteins and 
modulate ocid+kiva activity. 

Screening Assays 

The invention provides methods for identifying modulators, i.e., candidate or test 
compounds or agents (e.g., proteins, peptides, peptidomimetics, peptoids, small molecules or 
other drugs) which bind to calcium channels comprising an aio+KivA subunit described herein. 
Compounds thus identified can be used to modulate the activity of these calcium channels e.g., in 
a therapeutic protocol. 

In one embodiment, the invention provides assays for screening test compounds which 
are substrates of calcium channels that include an a^KiVA subunit described herein, or a 
biologically active portion of the subunit. In another embodiment, the invention provides assays 
for screening candidate or test compounds that bind to or modulate an activity of these calcium 
channels. 

Ion channel-modulating compounds can be identified through both in vitro (e.g., cell and 
non-cell based) and in vivo methods. In one embodiment, Ca 2+ influx assays are used to measure 
calcium channel activity. Assays that measure changes in Ca 2+ concentration are known in the 
art. For example, the test system can be loaded with a detectable, Ca 2+ -sensitive agent. 
Detection of the Ca 2+ -sensitive agent in the following treatment with a test compound can give 
an indication of a change in Ca 2+ concentration. In one embodiment, the assay involves 
detection of calcium following stimulation by application of a voltage to the test system (e.g., a 
cell or an enclosed membrane preparation). 
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Assays to measure ion channel activity include flux assays, patch-clamp 
electrophysiology, and two electrode voltage clamp electrophysiology (see, e.g., Lin et aL, 
Neuron 18:153-166, 1997). Patch-clamp physiology can be performed as follows. Briefly, a 
pipette tip containing a small electrode is pressed against a cell membrane to create a tight seal 
between the pipette and the membrane. The electrode captures the ions flowing through the 
membrane defined by the edges of the pipette tip. Various configurations can be employed to 
measure currents within the cell or within a patch of membrane or over the entire cell. 

Two electrode voltage-clamp (TEVC) physiology can be performed as follows. Briefly, 
two sharp microelectrodes are pressed through a cell membrane. One electrode monitors 
membrane potential and the other electrode injects current to hold the membrane potential at the 
desired level. Both patch-clamp and TEVC techniques provide information regarding both 
kinetics and intensity of ion channel currents. 

In one embodiment, calcium channel modulation is assayed using a Xenopus oocyte 
system. For a detailed description of transient expression of calcium channels and and recording 
from Xenopus oocytes, see, e.g., Xu and Lipscombe, J. NeuroscL 21(16):5944-5951, 2001; Lin et 
aL, supra). In another embodiment, the assay is a mammalian-cell based assay, e.g., using a 
human or mouse cell. 
Compounds 

The test compounds of the present invention can be obtained singly or using any of the 
numerous approaches in combinatorial library methods known in the art, including: biological 
libraries; peptoid libraries (libraries of molecules having the functionalities of peptides, but with 
a novel, non-peptide backbone which are resistant to enzymatic degradation but which 
nevertheless remain bioactive; see, e.g., Zuckermann, R.N. et al. y /. Med. Chem. 37:2678-85, 
1994); spatially addressable parallel solid phase or solution phase libraries; synthetic library 
methods requiring decon volution; the 'one-bead one-compound' library method; and synthetic 
library methods using affinity chromatography selection. The biological library and peptoid 
library approaches are limited to peptide libraries, while the other four approaches are applicable 
to peptide, non-peptide oligomer or small molecule libraries of compounds (Lam, Anticancer 
DrugDes. 12:145, 1997). 

Examples of methods for the synthesis of molecular libraries can be found in the art, for 
example in: DeWitt et aL, Proc. Natl Acad. Set U.S.A. 90:6909, 1993; Erb et al. y Proc. Natl 
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Acad. Set USA 91:11422, 1994; Zuckermann et a/., J. Med Chem. 37:2678, 1994; Cho et al. y 
Science 261:1303, 1993; Carrell et al,Angew. Chem. Int. Ed. Engl. 33:2059, 1994; Carell et al, 
Angew. Chem. Int Ed. Engl. 33:2061, 1994; and Gallop et aZ., J. Med. Chem. 37:1233, 1994. 

Libraries of compounds may be presented in solution (e.g., Houghten, Biotechniques 
13:412-421 , 1992), or on beads (Lam, Nature 354:82-84, 1991), chips (Fodor, Nature 364:555- 
556, 1993), bacteria (Ladner, U.S. Patent No. 5,223,409), spores (Ladner U.S. Patent No. 
5,223,409), plasmids (Cull et al, Proc Natl Acad Sci USA 89:1865-1869, 1992) or on phage 
(Scott and Smith, Science 249:386-390, 1990; Devlin, Science 249:404-406, 1990; Cwirla et al. 
Proc. Natl. Acad. Set 87:6378-6382, 1990; Felici, J. Mol Biol 222:301-310, 1991; Ladner 
supra.). 

Chemical compounds to be used as test compounds (i.e., potential inhibitor, antagonist, 
agonist) can be obtained from commercial sources or can be synthesized from readily available 
starting materials using standard synthetic techniques and methodologies known to those of 
ordinary skill in the art. Synthetic chemistry transformations and protecting group 
methodologies (protection and deprotection) useful in synthesizing the compounds identified by 
the methods described herein are known in the art and include, for example, those such as 
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers (1989); T. W. 
Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis, 2nd ed., John Wiley and 
Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic Synthesis, John 
Wiley and Sons (1994); andL. Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, 
John Wiley and Sons (1995), and subsequent editions thereof. 

In one aspect the compounds are organic small molecules, that is, compounds having 
molecular weight less than 1,000 amu, alternatively between 350-750 amu. In other aspects, the 
compounds are: (i) those that are non-peptidic; (ii) those having between 1 and 5, inclusive, 
heterocyclyl, or heteroaryl ring groups, which may bear further substituents; (iii) those in their 
respective pharmaceutically acceptable salt forms; or (iv) those that are peptidic. 

The term "heterocyclyl" refers to a nonaromatic 3-8 membered monocyclic, 8-12 
membered bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if 
monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms 
selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if 
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monocyclic, tricyclic, or tricyclic, respectively), wherein 0, 1, 2 or 3 atoms of each ring can be 
substituted by a substituent. 

The term "heteroaryl" refers to an aromatic 5-8 membered monocyclic, 8-12 membered 
bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if monocyclic, 1-6 
heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or S 
(e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if monocyclic, bicyclic, or 
tricyclic, respectively), wherein 0, 1, 2, 3, or 4 atoms of each ring can be substituted by a 
substituent. 

The term "substituents" refers to a group "substituted" on an alkyl, cycloalkyl, aryl, 
heterocyclyl, or heteroaryl group at any atom of that group. Suitable substituents include, 
without limitation, alkyl, alkenyl, alkynyl, alkoxy, halo, hydroxy, cyano, nitro, amino, S0 3 H, 
perfluoroalkyl, perfluoroalkoxy, methylenedioxy, ethylenedioxy, carboxyl, oxo, thioxo, imino 
(alkyl, aryl, aralkyl), S(0) n alkyl (where n is 0-2), S(0)„ aryl (where n is 0-2), S(0) n heteroaryl 
(where n is 0-2), S(0) n heterocyclyl (where n is 0-2), amine (mono-, di-, alkyl, cycloalkyl,- 
aralkyl, heteroaralkyl, and combinations thereof), ester (alkyl, aralkyl, heteroaralkyl), amide 
(mono-, di-, alkyl, aralkyl, heteroaralkyl, and combinations thereof), sulfonamide (mono-, di-, 
alkyl, aralkyl, heteroaralkyl, and combinations thereof), unsubstituted aryl, unsubstituted 
heteroaryl, unsubstituted heterocyclyl, and unsubstituted cycloalkyl. In one aspect, the 
substituents on a group are independently any one single, or any subset of the aforementioned 
substituents. 

Combinations of substituents and variables in compounds envisioned by this invention are 
only those that result in the formation of stable compounds. The term "stable", as used herein, 
refers to compounds which possess stability sufficient to allow manufacture and which maintains 
the integrity of the compound for a sufficient period of time to be useful for the purposes detailed 
herein (e.g., transport, storage, assaying, therapeutic administration to a subject). 

Pharmaceutically acceptable salts of the compounds herein include those derived from 
pharmaceutically acceptable inorganic and organic acids and bases. Examples of suitable acid 
salts include acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, 
citrate, di gluconate, ethanesulfonate, formate, fumarate, glycolate, hemisulfate, heptanoate, 
hexanoate, hydrochloride, hydrobromide, hydroiodide, lactate, maleate, malonate, 
methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, palmoate, pectinate, 
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persulfatephbsphate, picrate, pivalate, propionate, salicylate, succinate, sulfate, tartrate, 
thiocyanate, tosylate and undecanoate. 

The compounds described herein can contain one or more asymmetric centers and thus 
occur as racemates and racemic mixtures, single enantiomers, individual diastereoitiers and 
diastefedmeric mixtures. All such isomeric forms of these compounds are expressly included in 
the present invention. The compounds described herein can also be represented in multiple 
tautomeric forms, all of which are included herein. The compounds can also occur in cis-or 
trans-or E-or Z-double bond isomeric forms. All such isomeric forms of such compounds are 
expressly included in the present invention. 

Binding Assays 

The ability of the test compound to bind to a calcium channel comprising an ccid+kiva 
subunit can also be evaluated. While calcium channel binding is not a prerequisite for channel 
modulatory activity, compounds that bind a calcium channel can be useful in modulating activity 
of the channel. This can be accomplished, for example, by coupling the compound,. e.g.,.the 
substrate, with a radioisotope or enzymatic label such that binding of the compound, e.g., the 
substrate, to calcium channels can be determined by detecting the labeled compound, e.g., 
substrate, in a complex. Alternatively, a calcium channel comprising an ccid+kiva subunit 
described herein could be coupled with a radioisotope or enzymatic label to monitor the ability 
of a test compound to modulate the complex. For example, compounds can be labeled with 125 I, 
3 *S, 14 C, or 3 H, either directly or indirectly, and the radioisotope detected by direct counting of 
radioemmission or by scintillation counting. Alternatively, compounds can be enzymatically 
labeled with, for example, horseradish peroxidase, alkaline phosphatase, or luciferase, and the 
enzymatic label detected by determination of conversion of an appropriate substrate to product. 

The ability of a test compound to interact with a calcium channel comprising an am 
subunit or without the labeling of any of the interactants can be evaluated. For example, a 
microphysiometer can be used to detect the interaction of a compound with a calcium channel 
without the labeling of either the compound or the calcium channel (McConnell, H. M. et aL 7 
Science 257:1906-1912, 1992). As used herein, a "microphysiometer" (e.g., Cytosensor) is an 
analytical instrument that measures the rate at which a cell acidifies its environment using a 
light-addressable potentiometric sensor (LAPS). Changes in this acidification rate can be used as 
an indicator of the interaction between a compound and calcium channel. 
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In yet another embodiment, a cell-free assay is provided in which a calcium channel 
described herein or biologically active portion thereof is contacted with a test compound and the 
ability of the test compound to bind to the channel or biologically active portion thereof is 
evaluated. Preferably, the cell-free assay comprises a membrane. Cell-free assays involve 
preparing a reaction mixture of the target gene protein and the test compound under conditions 
and for a time sufficient to allow the two components to interact and bind, thus forming a 
complex that can be removed and/or detected. 

The interaction between two molecules can also be detected, e.g., using fluorescence 
energy transfer (FET) (see, for example, Lakowicz et a/., U.S. Patent No. 5,631,169; 
Stavrianopoulos et a/., U.S. Patent No. 4,868,103). A fluorophore label on the first, 'donor' 
molecule is selected such that its emitted fluorescent energy will be absorbed by a fluorescent 
label on a second, 'acceptor' molecule, which in turn is able to fluoresce due to the absorbed 
energy. Alternately, the 'donor' protein molecule may simply utilize the natural fluorescent 
energy of tryptophan residues. Labels are chosen that emit different wavelengths of light, such 
that the 'acceptor' molecule label may be differentiated from that of the 'donor'. Since the 
efficiency of energy transfer between the labels is related to the distance separating the 
molecules, the spatial relationship between the molecules can be assessed. In a situation in 
which binding occurs between the molecules, the fluorescent emission of the 'acceptor' molecule 
label in the assay should be maximal. An FET binding event can be conveniently measured 
through standard fluorometric detection means well known in the art (e.g., using a fluorimeter). 

In another embodiment, determining the ability of a test compound to bind to a calcium 
channel described herein can be accomplished using real-time Biomolecular Interaction Analysis 
(BIA) (see, e.g., Sjolander, S. and Urbaniczky, C.,Anal Chem. 63:2338-2345, 1991; and Szabo 
et aL, Curr. Opin. Struct. Biol 5:699-705, 1995). "Surface plasmon resonance" or "BIA" detects 
biospecific interactions in real time, without labeling any of the interactants (e.g., BIAcore). 
Changes in the mass at the binding surface (indicative of a binding event) result in alterations of 
the refractive index of light near the surface (the optical phenomenon of surface plasmon 
resonance (SPR)), resulting in a detectable signal that can be used as an indication of real-time 
reactions between biological molecules. 
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In one embodiment, the sample comprising the calcium channel or the test compound is 
anchored onto a solid phase. The channel/test compound complexes anchored on the solid phase 
can be detected at the end of the reaction. 

It may be desirable to immobilize either the calcium channel, an anti-calcium channel 
antibody or its target molecule to facilitate separation of complexed from uncomplexed forms of 
one or both of the proteins, as well as to accommodate automation of the assay. Binding of a test 
compound to a calcium channel, or interaction of a calcium channel with a target molecule in the 
presence and absence of a candidate compound, can be accomplished in any vessel suitable for 
containing the reactants. Examples of such vessels include microtiter plates, test tubes, and 
micro-centrifuge tubes. In one embodiment, a fusion protein can be provided which adds a 
domain that allows one or both of the proteins to be bound to a matrix. For example, 
glutathione-S-transferase/aio+KivA subunit fusion proteins or glutathione-S-transf erase/target 
fusion proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, 
MO) or glutathione derivatized microtiter plates, which are then combined with the test 
compound or the test compound and a sample comprising the calcium channel comprising the 
GST-tagged subunit, and the mixture incubated under conditions conducive to complex 
formation (e.g., at physiological conditions for salt and pH). Following incubation, the beads or 
microtiter plate wells are washed to remove any unbound components, the matrix immobilized in 
the case of beads, complex determined either directly or indirectly, for example, as described 
above. 

Other techniques for immobilizing a complex of calcium channel subunits on matrices 
include using conjugation of biotin and streptavidin. For example, biotinylated ocid+kiva subunit 
proteins can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques known in 
the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, IL), and immobilized in the wells of 
streptavidin-coated 96 well plates (Pierce Chemical). 

In order to conduct the assay, the non-immobilized component is added to the coated 
surface containing the anchored component. After the reaction is complete, unreacted 
components are removed (e.g., by washing) under conditions such that any complexes formed 
will remain immobilized on the solid surface. The detection of complexes anchored on the solid 
surface can be accomplished in a number of ways. Where the previously non-immobilized 
component is pre-labeled, the detection of label immobilized on the surface indicates that 
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complexes were formed. Where the previously non-immobilized component is not pre-labeled, 
an indirect label can be used to detect complexes anchored on the surface; e.g., using a labeled 
antibody specific for the immobilized component (the antibody, in turn, can be directly labeled 
or indirectly labeled with, e.g., a labeled anti-Ig antibody). 

In one embodiment, this assay is performed utilizing antibodies reactive with an epitope 
on the calcium channel but which do not interfere with binding of the channel to a target 
molecule. Such antibodies can be derivatized to the wells of the plate, and unbound target or 
calcium channels trapped in the wells by antibody conjugation. Methods for detecting such 
complexes, in addition to those described above for the GST-immobilized complexes, include 
immunodetection of complexes using antibodies reactive with a component of the calcium 
channel, as well as enzyme-linked assays which rely on detecting an enzymatic activity 
associated with the channel. 

Alternatively, cell free assays can be conducted in a liquid phase. In such an assay, the 
reaction products are separated from unreacted components, by any of a number of standard 
techniques, including but not limited to: differential centrifugation (see, for example, Rivas, G., 
andMinton, A.P., Trends Biochem Sci 18:284-7, 1993); chromatography (gel filtration 
chromatography, ion-exchange chromatography); electrophoresis and immunoprecipitation (see, 
for example, Ausubel, F. et ah, eds. (1999) Current Protocols in Molecular Biology, J. Wiley: 
New York). Such resins and chromatographic techniques are known to one skilled in the art 
(see, e.g., Heegaard, N.H., J Mol Recognit 11: 141-8, 1998; Hage, D.S., and Tweed, S.A., / 
ChromatogrB Biomed SciAppl. 699:499-525, 1997). Further, fluorescence energy transfer may 
also be conveniently utilized, as described herein, to detect binding without further purification 
of the complex from solution. Preferably, cell free assays preserve the structure of the calcium 
channel complex, e.g., by including a membrane component or synthetic membrane components. 

In a preferred embodiment, the assay includes contacting the calcium channel or channel 
comprising biologically active portions of the ccid+kiva subunit with a known compound which 
binds the channel to form an assay mixture, contacting the assay mixture with a test compound, 
and determining the ability of the test compound to interact with a calcium channel, wherein 
determining the ability of the test compound to interact with a calcium channel includes 
determining the ability of the test compound to preferentially bind to the calcium channel, or to 
. modulate the activity of the channel, as compared to the known compound. 
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The calcium channels described herein can, in vivo, interact with one or more cellular or 
extracellular macromolecules, such as proteins. For the purposes of this discussion, such cellular 
and extracellular macromolecules are referred to herein as "binding partners." Compounds that 
disrupt such interactions can be useful in regulating the activity of the target gene product. Such 
compounds can include, but are not limited to molecules such as antibodies, peptides, and small 
molecules. In an alternative embodiment, the invention provides methods for determining the 
ability of the test compound to modulate the activity of a calcium channel through modulation of 
the activity of a downstream effector of a calcium channel, e.g., a calcium-sensitive protein. For 
example, the activity of the calcium-sensitive molecule (e.g., a calcium-activated phosphatase, 
such as calcineurin, or a calcium-activated transcription factor) on an appropriate target (e.g., 
dephosphorylation of a substrate of calcinuerin, or DNA binding and transcriptional activation 
by a calcium-activated transcription factor) can be determined, or the binding of the calcium- 
sensitive molecule to an appropriate target can be determined, as previously described. 

To identify compounds that interfere with the interaction between the calcium channel 
and an extracellular binding partner(s), a reaction mixture containing the target gene product and 
the binding partner is prepared, under conditions and for a time sufficient, to allow the two 
products to form a complex. In order to test an inhibitory agent, the reaction mixture is provided 
in the presence and absence of the test compound. The test compound can be initially included 
in the reaction mixture, or can be added at a time subsequent to the addition of the calcium 
channel and its cellular or extracellular binding partner. Control reaction mixtures are incubated 
without the test compound or with a placebo. The formation of any complexes between the 
calcium channel and the cellular or extracellular binding partner is then detected. The formation 
of a complex in the control reaction, but not in the reaction mixture containing the test 
compound, indicates that the compound interferes with the interaction of the target gene product 
and the interactive binding partner. Additionally, complex formation within reaction mixtures 
containing the test compound and normal target gene product can also be compared to complex 
formation within reaction mixtures containing the test compound and a calcium channel 
comprising one or more mutant subunits. This comparison can be important in those cases 
wherein it is desirable to identify compounds that disrupt interactions of mutant but not normal 
target gene products. 
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These assays can be conducted in a heterogeneous or homogeneous format. 
Heterogeneous assays involve anchoring either the calcium channel or the binding partner onto a 
solid phase, and detecting complexes anchored on the solid phase at the end of the reaction. In 
homogeneous assays, the entire reaction is carried out in a liquid phase. In either approach, the 
order of addition of reactants can be varied to obtain different information about the compounds 
being tested. For example, test compounds that interfere with the interaction between the target 
gene products and the binding partners, e.g., by competition, can be identified by conducting the 
reaction in the presence of the test substance. Alternatively, test compounds that disrupt 
preformed complexes, e.g., compounds with higher binding constants that displace one of the 
components from the complex, can be tested by adding the test compound to the reaction mixture 
after complexes have been formed. The various formats are briefly described below. 

In a heterogeneous assay system, either the target gene product or the interactive cellular 
or extracellular binding partner is anchored onto a solid surface (e.g., a microliter plate), while 
the non-anchored species is labeled, either directly or indirectly. The anchored species can be 
immobilized by non-covalent or covalent attachments. Alternatively, an immobilized antibody 
specific for the species to be anchored can be used to anchor the species to the solid surface. 

In order to conduct the assay, the partner of the immobilized species is exposed to the 
coated surface with or without the test compound. After the reaction is complete, unreacted 
components aie removed (e.g., by washing) and any complexes formed will remain immobilized 
on the solid surface. Where the non-immobilized species is pre-labeled, the detection of label 
immobilized on the surface indicates that complexes were formed. Where the non-immobilized 
species is not pre-labeled, an indirect label can be used to detect complexes anchored on the 
surface; e.g., using a labeled antibody specific for the initially non-immobilized species (the 
antibody, in turn, can be directly labeled or indirectly labeled with, e.g., a labeled anti-Ig 
antibody). Depending upon the order of addition of reaction components, test compounds that 
inhibit complex formation or that disrupt preformed complexes can be detected. 

Alternatively, the reaction can be conducted in a liquid phase in the presence or absence 
of the test compound, the reaction products separated from unreacted components, and 
complexes detected; e.g., using an immobilized antibody specific for one of the binding 
components to anchor any complexes formed in solution, and a labeled antibody specific for the 
other partner to detect anchored complexes. Again, depending upon the order of addition of 
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reactants to the liquid phase, test compounds that inhibit complex or that disrupt preformed 
complexes can be identified. 

In an alternate embodiment of the invention, a homogeneous assay can be vised. For 
example, a preformed complex of the target gene product and the interactive cellular or 
extracellular binding partner product is prepared in that either the calcium channel subunits or 
their binding partners are labeled, but the signal generated by the label is quenched due to 
complex formation (see, e.g., U.S. Patent No. 4,109,496 that utilizes this approach for 
immunoassays). The addition of a test substance that competes with and displaces one of the 
species from the preformed complex will result in the generation of a signal above background 
In this way, test substances that disrupt target gene product-binding partner interaction can be 
identified. 

In yet another aspect, the calcium channel proteins or fragments thereof can be used as 
"bait proteins" in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; 
Zervos et al y Cell 72:223-232, 1993; Madura et al 7 J. Biol Chem. 268:12046-12054, 1993; 
Bartel et al, Biotechniques 14:920-924, 1993; Iwabuchi etal 7 Oncogene 8:1693-1696, 1993; 
and Brent WO94/10300), to identify other proteins, which bind to or interact with calcium 
channel proteins ("calcium channel-binding proteins" or "calcium channel-bp") and are involved 
in calcium channel activity. Such calcium channel-bps can be activators or inhibitors of signals 
by the calcium channels or calcium-sensitive targets as, for example, downstream elements of a 
calcium-mediated signaling pathway. 

The two-hybrid system is based on the modular nature of most transcription factors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
different DNA constructs. In one construct, the gene that codes for a calcium channel ocid+kiva 
subunit protein or fragment thereof (e.g., corresponding to a soluble portion of an extracellular 
domain of the subunit) is fused to a gene encoding the DNA binding domain of a known 
transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library of 
DNA sequences, which encodes an unidentified protein ("prey" or "sample") is fused to a gene 
that codes for the activation domain of the known transcription factor. (Alternatively, the 
calcium channel subunit can be the fused to the activator domain.) If the "bait" and the "prey" 
proteins are able to interact, in vivo, forming a calcium channel subunit-dependent complex, the 
DNA-binding and activation domains of the transcription factor are brought into close proximity. 
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This proximity allows transcription of a reporter gene (e.g., lacZ) that is operably linked to a 
transcriptional regulatory site responsive to the transcription factor. Expression of the reporter 
gene can be detected and cell colonies containing the functional transcription factor can be 
isolated and used to obtain the cloned gene that encodes the protein which interacts with the 
calcium channel subunit. 

In another embodiment, modulators of calcium channel subunit expression are identified. 
For example, a cell or cell free mixture is contacted with a candidate compound and the 
expression of calcium channel ocid+kiva subunit mRNA or protein evaluated relative to the level 
of expression of ocid+kiva mRNA or protein in the absence of the candidate compound. When 
expression of ocid+kiva mRNA or protein is greater in the presence of the candidate compound 
than in its absence, the candidate compound is identified as a stimulator of ocid+kiva mRNA or 
protein expression. Alternatively, when expression of aip+iovA mRNA or protein is less 
(statistically significantly iess) in the presence of the candidate compound than in its absence, the 
candidate compound is identified as an inhibitor of (Xid+kiva mRNA or protein expression. The 
level of (Xid+kiva mRNA or protein expression can be determined by methods described herein 
for detecting ocid+kiva mRNA or protein. 

In another aspect, the invention pertains to a combination of two or more of the assays 
described herein. For example, a modulating agent can be identified using a cell-based or a cell 
free assay, and the ability of the agent to modulate the activity of a calcium channel can be 
confirmed in vivo, e.g., in an animal such as an animal model for a pain disorder or a disorder 
associated with stroke or traumatic brain injury. 

This invention further pertains to novel agents identified by the above-described 
screening assays. Accordingly, it is within the scope of this invention to further use an agent 
identified as described herein (e.g., a calcium channel-modulating agent, an antisense nucleic 
acid molecule corresponding to one or more of the calcium channel subunits described herein, a 
calcium channel-specific antibody, or a calcium channel-binding partner) in an appropriate 
animal model to determine the efficacy, toxicity, side effects, or mechanism of action, of 
treatment with such an agent. Furthermore, novel agents identified by the above-described 
screening assays can be used for treatments as described herein. 
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Diagnostic and prognostic assays of the invention include methods for assessing the 
expression level of calcium channel (Xid+kiva subunit and for identifying variations and 
mutations in the nucleotide or amino acid sequence of calcium channel CXiD+iavA molecules. 

Ex pression Monitoring and Profiling. The presence, level, or absence of calcium 
channel ccid+kiva subunit protein or nucleic acid in a biological sample can be evaluated by 
obtaining a biological sample from a test subject and contacting the biological sample with a 
compound or an agent capable of detecting calcium channel ocid+kiva subunit protein or nucleic 
acid (e.g., mRNA, genomic DNA) that encodes calcium channel ccid+kiva subunit protein such 
that the presence of the protein or nucleic acid is detected in the biological sample. The term 
"biological sample" includes tissues, cells and biological fluids isolated from a subject, as well as 
tissues, cells and fluids present within a subject. A preferred biological sample is cardiac tissue. 
The level of expression of the calcium channel (Xid+kiva gene can be measured in a number of 
ways, including, but not limited to: measuring the mRNA encoded by the calcium channel 
ocid+kiva gene; measuring the amount of protein encoded by the calcium channel ccid+iciva gene; 
or measuring the activity of the protein encoded by the calcium channel a 1D +KrvA subunit. 

The level of mRNA corresponding to a calcium channel cxid+kiva gene in a cell can be 
determined both by in situ and by in vitro formats. 

The isolated mRNA can be used in hybridization or amplification assays that include, but 
are not limited to, Southern or Northern analyses, polymerase chain reaction analyses and probe 
arrays. One preferred diagnostic method for the detection of mRNA levels involves contacting 
the isolated mRNA with a nucleic acid molecule (probe) that can hybridize to the mRNA 
encoded by the gene being detected. The nucleic acid probe can be, for example, a full-length 
calcium channel cxi D +kjva subunit nucleic acid, such as the nucleic acids described herein, or a 
portion thereof, such as an oligonucleotide of at least 7, 15, 30, 50, 100, 250 or 500 nucleotides 
in length and sufficient to specifically hybridize under stringent conditions to calcium channel 
ctiD+KTVA subunit mRNA or genomic DNA. The probe can be disposed on an address of an array, 
e.g., an array described below. Other suitable probes for use in the diagnostic assays are 
described herein. 

In one format, mRNA (or cDNA) is immobilized on a surface and contacted with the 

probes, for example by running the isolated mRNA on an agarose gel and transferring the mRNA 

from the gel to a membrane, such as nitrocellulose. In an alternative format, the probes are 
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immobilized on a surface and the mRNA (or cDNA) is contacted with the probes, for example, 
in a two-dimensional gene chip array described below. A skilled artisan can adapt known 
mRNA detection methods for use in detecting the level of mRNA encoded by the calcium 
channel OCid+kiva genes. 

The level of mRNA in a sample that is encoded by one of calcium channel cxid+kiva 
subunits can be evaluated with nucleic acid amplification, e.g., by rtPCR (Mullis (1987) U.S. 
Patent No. 4,683,202), ligase chain reaction (Barany, Proc. Natl Acad. ScL USA 88:189-193, 
1991), self sustained sequence replication (Guatelli et al. y Proc. Natl. Acad. Set USA 87:1874- 
1878, 1990), transcriptional amplification system (Kwoh et ah, Proc. Natl. Acad. Sci. USA 
86:1173-1177, 1989), Q-Beta Replicase (Lizardi et aZ., Bio/Technology 6:1197, 1988), rolling 
circle replication (Lizardi et al. y U.S. Patent No. 5,854,033) or any other nucleic acid 
amplification method, followed by the detection of the amplified molecules using techniques 
known in the art. As used herein, amplification primers are defined as being a pair of nucleic 
acid molecules that can anneal to 5' or 3' regions of a gene (plus and minus strands, respectively, 
or vice-versa) and contain a short region in between. In general, amplification primers are from 
about 10 to 30 nucleotides in length and flank a region from about 50 to 200 nucleotides in 
length. Under appropriate conditions and with appropriate reagents, such primers permit the 
amplification of a nucleic acid molecule comprising the nucleotide sequence flanked by the 
primers. 

For in situ methods, a cell or tissue sample can be prepared/processed and immobilized 
on a support, typically a glass slide, and then contacted with a probe that can hybridize to mRNA 
that encodes the calcium channel aip+KivA S ene being analyzed. 

In another embodiment, the methods herein include further contacting a control sample 
with a compound or agent capable of detecting calcium channel OCid+kiva subunit mRNA, or 
genomic DNA, and comparing the presence of calcium channel ociem-kiva mRNA or genomic 
DNA in the control sample with the presence of calcium channel aio+KivA mRNA or genomic 
DNA in the test sample. In still another embodiment, serial analysis of gene expression, as 
described in U.S. Patent No. 5,695,937, is used to detect calcium channel OCid+kiva transcript 
levels. 

A variety of methods can be used to determine the level of protein encoded by calcium 
channel OCid+kiva genes. In general, these methods include contacting an agent that selectively 
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binds to the protein, inch as an antibody with a sample, to evaluate the level of protein in the 
sample. In a preferred embodiment, the antibody bears a detectable label. Antibodies can be 
polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., Fab 
or F(ab'>2) can be used. The term "labeled", with regard to the probe or antibody, is intended to 
encompass direct labeling of. the probe or antibody by coupling (i.e., physically linking) a 
detectable substance to the probe or antibody, as well as indirect labeling of the probe or 
antibody by reactivity with a detectable substance. Examples of detectable substances are 
provided herein. 

The detection methods can be used to detect calcium channel 0Ci D +kiva subunit protein in 
a biological sample in vitro as well as in vivo. In vitro techniques for detection of proteins 
include enzyme linked immunosorbent assays (ELISAs), immunoprecipitations, 
immunofluorescence, enzyme immunoassay (EIA), radioimmunoassay (RIA), and Western blot 
analysis. In vivo techniques for detection of proteins include introducing into a subject a labeled 
anti- calcium channel ccid+ktva subunit antibody. For example, the antibody can be labeled with 
a radioactive marker whose presence and location in a subject can be detected by standard 
imaging techniques. In another embodiment, the sample is labeled, e.g., biotinylated and then 
contacted to the antibody, e.g., an anti-calcium channel CC] d+kjva subunit antibody positioned on 
an antibody array (as described below). The sample can be detected, e.g., with avidin coupled to 
a fluorescent label. 

In another embodiment, the methods further include contacting the control sample with a 
compound or agent capable of detecting a calcium channel ocieh-kiva protein, and comparing the 
presence of the protein in the control sample with the presence of the protein in the test sample. 

The invention also includes kits for detecting the presence of calcium channel ocid+kjva 
subunit proteins in a biological sample. For example, the kit can include a compound or agent 
capable of detecting calcium channel ocid+kiva subunit protein or mRNA in a biological sample; 
and a standard. The compound or agent can be packaged in a suitable container. The kit can 
further comprise instructions for using the kit to detect calcium channel ocid+kiva subunit 
proteins or nucleic acids. 

For antibody-based kits, the kit can include: (1) a first antibody (e.g., attached to a solid 
support) which binds to a polypeptide corresponding to a marker of the invention; and, 
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optionally, (2) a second, different antibody which binds to either the polypeptide or the first 
antibody and is conjugated to a detectable agent. 

For oligonucleotide-based kits, the kit can include: (1) an oligonucleotide, e.g., a 
detectably labeled oligonucleotide, which hybridizes to a nucleic acid sequence encoding a 
polypeptide corresponding to a marker of the invention or (2) a pair of primers useful for 
amplifying a nucleic acid molecule corresponding to a marker of the invention. The kit can also 
include a buffering agent, a preservative, or a protein stabilizing agent. The kit can also includes 
components necessary for detecting the detectable agent (e.g., an enzyme or a substrate). The kit 
can also contain a control sample or a series of control samples which can be assayed and 
compared to the test sample contained. Each component of the kit can be enclosed within an 
individual container and all of the various containers can be within a single package, along with 
instructions for interpreting the results of the assays performed using the kit. 

The diagnostic methods described herein can identify subjects having, or at risk of 
developing, a disease or disorder associated with calcium channel expression or activity. As 
used herein, the term "unwanted" includes an unwanted phenomenon involved in a biological 
response such as cardiac arrhythmia or ventricular fibrillation. 

In one embodiment, a disease or disorder associated with calcium channel expression or 
activity is identified. A test sample is obtained from a subject and one or more calcium channel 
proteins or nucleic acids (e.g., mRNA or genomic DNA) are evaluated, wherein the level, e.g., 
the presence or absence, of a calcium channel protein or nucleic acid is diagnostic for a subject 
having or at risk of developing a disease or disorder associated with calcium channel expression 
or activity. As used herein, a "test sample" refers to a biological sample obtained from a subject 
of interest, including a biological fluid (e.g., serum), cell sample, or tissue, e.g., cardiac tissue. 

The prognostic assays described herein can be used to determine whether a subject can be 
administered an agent (e.g., an agonist, antagonist, peptidomimetic, protein, peptide, nucleic 
acid, small molecule, or other drug candidate) to treat a disease or disorder associated with 
calcium channel expression or activity. For example, such methods can be used to determine 
whether a subject can be effectively treated with an agent for a pain disorder or for stroke or 
traumatic brain injury. 

In another aspect, the invention features a computer medium having a plurality of 
digitally encoded data records. Each data record includes a value representing the level of 
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expression or activity of a calcium channel in a sample, and a descriptor of the sample. The 
descriptor of the sample can be an identifier of the sample, a compound which with the sample 
was treated, a subject from which the sample was derived (e.g., a patient), a diagnosis, or a 
treatment (e.g., a preferred treatment). In a preferred embodiment, the data record further 
includes values representing the level of expression of genes other than the calcium channel 
(e.g., other genes associated with a disorder related to activity of the calcium channel, or other 
genes on an array). The data record can be structured as a table, e.g., a table that is part of a 
database such as a relational database (e.g., a SQL database of the Oracle or Sybase database 
environments). 

Also featured is a method of evaluating a sample. The method includes providing a 
sample, e.g., from the subject, and determining a gene expression profile of the sample; wherein 
the profile includes a value representing the level of calcium channel expression or activity. The 
method can further include comparing the value or the profile (i.e., multiple values) to a 
reference value or reference profile. The gene expression profile of the sample can be obtained 
by any of the methods described herein (e.g., by providing a nucleic acid from the sample and 
contacting the nucleic acid to an array, or by assaying the activity of a calcium channel in the 
sample). The method can be used to diagnose a cardiac disorder in a subject wherein a change 
in L-type calcium channel expression is an indication that the subject has or is disposed to having 
a cardiac disorder. The method can be used to monitor a treatment for cardiac, neuroendocrine, 
or neuronal (e.g., brain or peripheral neuronal) disorder in a subject. For example, the gene 
expression profile can be determined for a sample from a subject undergoing treatment. The 
profile can be compared to a reference profile or to a profile obtained from the subject prior to 
treatment or prior to onset of the disorder (see, e.g., Golub et aL, Science 286:531, 1999). 

In yet another aspect, the invention features a method of evaluating a test compound (see 
also, "Screening Assays", above). The method includes providing a cell and a test compound; 
contacting the test compound to the cell; obtaining a subject expression profile for the contacted 
cell; and comparing the subject expression profile to one or more reference profiles. The profiles 
include a value representing the level of calcium channel activity or expression. In a preferred 
embodiment, the subject activity or expression profile is compared to a target profile, e.g., a 
profile for a normal cell or for a desired condition of a cell. The test compound is evaluated 
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favorably if the subject expression profile is more similar to the target profile than an expression 
profile obtained from an uncontacted cell. 

In another aspect, the invention features, a method of evaluating a subject. The method 
includes: a) obtaining a sample from a subject, e.g., from a caregiver, e.g., a caregiver who 
obtains the sample from the subject; b) determining a subject expression profile for the sample. 
Optionally, the method further includes either or both of steps: c) comparing the subject 
expression profile to one or more reference expression profiles; and d) selecting the reference 
profile most similar to the subject reference profile. The subject expression profile and the 
reference profiles include a value representing the level of calcium channel activity or 
expression. A variety of routine statistical measures can be used to compare two reference 
profiles. One possible metric is the length of the distance vector that is the difference between 
the two profiles. Each of the subject and reference profile is represented as a multi -dimensional 
vector, wherein each dimension is a value in the profile. 

The method can further include transmitting a result to a caregiver. The result can be the 
subject expression profile, a result of a comparison of the subject expression profile with another 
profile, a most similar reference profile, or a descriptor of any of the aforementioned. The result 
can be transmitted across a computer network, e.g., the result can be in the form of a computer 
transmission, e.g., a computer data signal embedded in a carrier wave. 

Also featured is a computer medium having executable code for effecting the following 
steps: receive a subject expression profile (e.g., any subject expression profile described herein); 
access a database of reference expression profiles; and either i) select a matching reference 
profile most similar to the subject expression profile or ii) determine at least one comparison 
score for the similarity of the subject expression profile to at least one reference profile. The 
subject expression profile, and the reference expression profiles each include a value 
representing the level of calcium channel activity or expression. 
Arrays and Uses Thereof 

In another aspect, the invention features an array that includes a substrate having a 
plurality of addresses. At least one address of the plurality includes a capture probe that binds 
specifically to a molecule corresponding to a calcium channel ocid+kiva subunit e.g., a calcium 
channel a iD+K ivA nucleic acid or polypeptide. The array can have a density of at least 10, 100, 
1,000, or 10,000 or more addresses/cm 2 , and ranges between. The substrate can be a two- 
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dimensional substrate such as a glass slide, a wafer (e.g., silica or plastic), a mass spectroscopy 
plate, or a three-dimensional substrate such as a gel pad. Addresses in addition to address of the 
plurality can be disposed on the array. 

In a preferred embodiment, at least one address of the plurality includes a nucleic acid 
capture probe that hybridizes specifically to a calcium channel ocid+kiva nucleic acid, e.g. * the 
sense or anti-sense strand. A subset of addresses of the plurality of addresses can be a nucleic 
acid capture probe for a calcium channel gene encoding a CCid+kiva subunit. Each address of the 
subset can include a capture probe that hybridizes to a different region of a calcium channel 
OCid+kjva nucleic acid. The array can be used to sequence the gene by hybridization (see, e.g., 
U.S. Patent No. 5,695,940). 

An array can be generated by various methods, e.g., by photolithographic methods (see, 
e.g., U.S. Patent Nos. 5,143,854; 5,510,270; and 5,527,681), mechanical methods (e.g., directed- 
flow methods as described in U.S. Patent No. 5,384,261), pin-based methods (e.g., as described 
in U.S. Pat. No. 5,288,514), and bead-based techniques (e.g., as described in PCT US/93/04145). 

In another embodiment, at least one address of the plurality includes a polypeptide 
capture probe that binds specifically to a calcium channel ocid+kiva polypeptide or fragment 
thereof. The polypeptide can be a naturally-occurring interaction partner of a calcium channel 
cxid+kiva polypeptide. Preferably, the polypeptide is an antibody, e.g., an antibody described 
herein (see "Anti- calcium channel (Xid+kiva Antibodies,"), such as a monoclonal antibody or a 
single-chain antibody. 

In another aspect, the invention features a method of anialyzing the expression of calcium 
channel cxiem-iova subunits. The method includes providing an array as described above; 
contacting the array with a sample and detecting binding of calcium channel exio-f-KiVA molecule 
(e.g., nucleic acid or polypeptide) to the array. Optionally the method further includes 
amplifying nucleic acid from the sample prior or during contact with the array. 

In another embodiment, the array can be used to assay gene expression in a tissue to 

ascertain tissue specificity of genes in the airay, particularly the expression of calcium channel 

ocid+kjva subunits. If a sufficient number of diverse samples is analyzed, clustering (e.g., 

hierarchical clustering, k-means clustering, Bayesian clustering and the like) can be used to 

identify other genes which are co-regulated with calcium channel OCid+kiva subunits. For 

example, the array can be used for the quantitation of the expression of multiple genes. Thus, 
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not only tissue specificity, but also the level of expression of a battery of genes in the tissue is 
ascertained. Quantitative data can be used to group (e.g., cluster) genes on the basis of their 
tissue expression per se and level of expression in that tissue. 

For example, array analysis of gene expression can be used to assess the effect of cell-cell 
interactions on calcium channel CXid+kiva subunit expression. A first tissue can be perturbed and 
nucleic acid from a second tissue that interacts with the first tissue can be analyzed. In this 
context, the effect of one cell type on another cell type in response to a biological stimulus can 
be determined, e.g., to monitor the effect of cell-cell interaction at the level of gene expression. 

In another embodiment, cells are contacted with a therapeutic agent. The expression 
profile of the cells is determined using the array, and the expression profile is compared to the 
profile of like cells not contacted with the agent. For example, the assay can be used to 
determine or analyze the molecular basis of an undesirable effect of the therapeutic agent. If an 
agent is administered therapeutically to treat one cell type but has an undesirable effect on 
another cell type, the invention provides an assay to determine the molecular basis of the 
undesirable effect and thus provides the opportunity to co-administer a counteracting agent or 
otherwise treat the undesired effect. Similarly, even within a single cell type, undesirable 
biological effects can be determined at the molecular level. Thus, the effects of an agent on 
expression of other than the target gene can be ascertained and counteracted. 

In another embodiment, the array can be used to monitor expression of one or more genes 
in the array with respect to time. For example, samples obtained from different time points can 
be probed with the array. Such analysis can identify and/or characterize the development of a 
disease or disorder associated with calcium channel activity. The method can also evaluate the 
treatment and/or progression of a calcium channel-associated disease or disorder 

The array is also useful for ascertaining differential expression patterns of one or more 
genes in normal and abnormal cells. This provides a battery of genes {e.g., including genes 
encoding calcium channel ocid+kiva subunits) that could serve as a molecular target for diagnosis 
or therapeutic intervention. 

In another aspect, the invention features an array having a plurality of addresses. Each 
address of the plurality includes a unique polypeptide. At least one address of the plurality has 
disposed thereon a calcium channel ct lD+K iVA polypeptide or fragment thereof. Methods of 
producing polypeptide arrays are described in the art, e.g., in De Wildt et ah, Nature Biotech. 18 
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989-994, 2000; Lueking et al,Anal Biochem. 270:103-1 1 1 , 1999; Ge, H., Nucleic Acids Res. 
28:e3, L-VII, 2000; MacBeath, G., and Schreiber, SJL., Science 289:1760-1763, 2000; and WO 
99/5 1773 Al. In a preferred embodiment, each addresses of the plurality has disposed thereon a 
polypeptide at least 60%-99 % identical to a calcium channel (Xid+kiva polypeptide or fragment 
thereof. For example, multiple variants of a calcium channel (Xid+kiv a polypeptide (e.g., encoded 
by allelic variants, site-directed mutants, random mutants, or combinatorial mutants) can be 
disposed at individual addresses of the plurality. 

The polypeptide array can be used to detect a calcium channel-binding compound, e.g., 
an antibody in a sample from a subject with specificity for a calcium channel cxid+kiva 
polypeptide or the presence of a calcium channel-binding protein or ligand. 

In another aspect, the invention features a method of analyzing a plurality of probes. The 
method is useful, e.g., for analyzing gene expression. The method includes: providing a two- 
dimensional array having a plurality of addresses, each address of the plurality being positionally 
distinguishable from each other address of the plurality having a unique capture probe, e.g., 
wherein the capture probes are from a cell or subject which express calcium channels comprising 
ocid+kiva subunits or from a cell or subject in which a calcium channel-mediated response has 
been elicited, e.g., by contact of the cell with calcium channel cxid+kiva nucleic acids or proteins, 
or administration to the cell or subject calcium channel ai D+K ivA nucleic acids or proteins; 
providing a two dimensional aiTay having a plurality of addresses, each address of the plurality 
being positionally distinguishable from each other address of the plurality, and each address of 
the plurality having a unique capture probe, e.g., wherein the capture probes are from a cell or 
subject which does not express calcium channel (Xid+kiva subunits (or does not express as highly 
as in the case of the calcium channel ocjd+kjva subunit-positive plurality of capture probes) or 
from a cell or subject which in which a calcium channel-mediated response has not been elicited 
(or has been elicited to a lesser extent than in the first sample); contacting the array with one or 
more inquiry probes (which is preferably other than a calcium channel (Xid+kiva nucleic acid, 
polypeptide, or antibody), and thereby evaluating the plurality of capture probes. Binding, e.g., 
in the case of a nucleic acid, hybridization with a capture probe at an address of the plurality, is 
detected, e.g., by signal generated from a label attached to the nucleic acid, polypeptide, or 
antibody. 
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In another aspect, the invention features a method of analyzing calcium channel OCid+kiva 
subunits, e.g., analyzing structure, function, or relatedness to other nucleic acid or amino acid 
sequences. The method includes: providing a calcium channel CXid+kjva nucleic acid or amino 
acid sequence; comparing the sequence(s) with one or more preferably a plurality of sequences 
from a collection of sequences, e.g., a nucleic acid or proteiri sequence database; to thereby 
analyze calcium channel OCid+kiva subunits. 

Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the corresponding 
complete gene sequences) can be used in numerous ways as polynucleotide reagents. 

For example, polynucleotide reagents can be used for diagnostic assays, prognostic 
assays, and monitoring clinical trials are used for prognostic (predictive) purposes to thereby 
treat an individual prophylactically. Accordingly, one aspect of the present invention relates to 
diagnostic assays for determining OCid+kiva protein and/or nucleic acid expression as well as 
OCid+kiva activity, in the context of a biological sample (e.g., blood, serum, cells, tissue) to 
thereby determine whether an individual is afflicted with a disease or disorder, or is at risk of 
developing a disorder, associated with aberrant or unwanted OCid+kiva expression or activity. The 
invention also provides for prognostic (or predictive) assays for determining whether an 
individual is at risk of developing a disorder associated with OCid+kiva protein, nucleic acid 
expression or activity. For example, mutations in a gene encoding an OCid+kiva subunit can be 
assayed in a biological sample, and used for prognostic or predictive purposes. 

Another aspect of the invention pertains to monitoring the influence of agents (e.g., 
drugs, compounds) on the expression or activity of OCid+kiva in vivo. 

Monitoring the influence of agents (e.g., drugs) on the expression or activity of an 
OCid+kiva subunit protein (e.g., the modulation of membrane excitability) can be applied not only 
in basic drug screening, but also in clinical trials. For example, the effectiveness of an agent 
determined by a screening assay as described herein to increase OCid+kiva gene expression, 
protein levels, or upregulate OCid+kiva activity, can be monitored in clinical trials of subjects 
exhibiting decreased or increased ai D +KiVA gene expression, protein levels, or downregulated 
ccjeh-kiva. Other genes that have been implicated in, for example, a calcium channel associated 
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disorder can be used markers of the phenotype of a particular cell. 
Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating cxid+kiva expression or 
activity for therapeutic purposes. Accordingly, in an exemplary embodiment, the modulatory 
method of the invention involves contacting a cell with an ocid+kiva subunit or agent that 
modulates one or more of the activities of ocid+kiva subunit protein activity associated with the 
cell. An agent that modulates OCid+kiva subunit protein activity can be an agent as described 
herein, such as a nucleic acid or a protein, a naturally-occurring target molecule of an ocu> +K iva 
protein (e.g., an ocid+kiva substrate), an ocid+kiva antibody, an (Xid+kiva agonist or antagonist, a 
peptidomimetic of an ocid+kiva agonist or antagonist, or other small molecule. In one 
embodiment, the agent stimulates one or more cxid+kiva activities. Examples of such stimulatory 
agents include active ocid+kiva protein and a nucleic acid molecule encoding ocid+kiva ^ at has 
been introduced into the celL In another embodiment, the agent inhibits one or more ocid+kiva 
activities. Examples of such inhibitory agents include antisense ocid+kiva nucleic acid molecules, 
anti-cciD+KivA antibodies, and (Xieh_kiva inhibitors. These modulatory methods can be performed 
in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering 
the agent to a subject). As such, the present invention provides methods of treating an individual 
afflicted with a disease or disorder characterized by aberrant or unwanted expression or activity 
of an CL] d+kiv a protein or nucleic acid molecule. In one embodiment, the method involves 
administering an agent (e.g., an agent identified by a screening assay described herein), or 
combination of agents that modulates (e.g., upregulates or downregulates) ocid+kiva expression or 
activity. In another embodiment, the method involves administering an ocid+kiva protein or 
nucleic acid molecule as therapy to compensate for reduced or aberrant ocid+kiva expression or 
activity. 

Stimulation of a 3D+ KivA activity is desirable in situations in which ocid+kiva is abnormally 
downregulated and/or in which increased ocid+kiva activity is likely to have a beneficial effect. 
Antagonism of activity may also be desirable. For example, modulators may be desirable for 
regulation of cardiac rhythm. 
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Pharmaceutical Compositions 

As used herein, the compounds of this invention, e.g., calcium channel modulators 
identified by the methods described herein, are defined to include pharmaceutically acceptable 
derivatives or prodrugs thereof. A "pharmaceutically acceptable derivative or prodrug" means 
any pharmaceutically acceptable salt, ester, salt of an ester, or other derivative of a compound of 
this invention which, upon administration to a recipient, is capable of providing (directly or 
indirectly) a compound of this invention. Particularly favored derivatives and prodrugs are those 
that increase the bioavailability of the compounds of this invention when such compounds are 
administered to a mammal (e.g., by allowing an orally administered compound to be more 
readily absorbed into the blood) or which enhance delivery of the parent compound to a 
biological compartment (e.g., the brain or lymphatic system) relative to the parent species. 
Preferred prodrugs include derivatives where a group which enhances aqueous solubility or 
active transport through the gut membrane is appended to the structure of formulae described 
herein. 

The compounds of this invention may be modified by appending appropriate 
functionalities to enhance selective biological properties. Such modifications are known in the 
art and include those which increase biological penetration into a given biological compartment 
(e.g., blood, lymphatic system, central nervous system), increase oral availability, increase 
solubility to allow administration by injection, alter metabolism and alter rate of excretion. 

Pharmaceutically acceptable salts of the compounds of this invention include those 
derived from pharmaceutically acceptable inorganic and organic acids and bases. Examples of 
suitable acid salts include acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, 
bisulfate, butyrate, citrate, camphorate, camphorsulfonate, digluconate, dodecylsulfate, 
ethanesulfonate, formate, fumarate, glucoheptanoate, glycolate, hemisulfate, heptanoate, 
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, 
maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, palmoate, 
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, salicylate, 
succinate, sulfate, tartrate, thiocyanate, tosylate and undecanoate. Other acids, such as oxalic, 
while not in themselves pharmaceutically acceptable, may be employed in the preparation of 
salts useful as intermediates in obtaining the compounds of the invention and their 
pharmaceutically acceptable acid addition salts. Salts derived from appropriate bases include 
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alkali metal (e.g., sodium), alkaline earth metal (e.g., magnesium), ammonium and N-(alky]) 4 + 
salts. This invention also envisions the quaternization of any basic nitrogen-containing groups of 
the compounds disclosed herein. Water or oil-soluble or dispersible products may be obtained by 
such quaternization. Salt forms of the compounds of any of the formulae herein can be amino 
acid salts of carboxy groups (e.g. L-arginine, -lysine, -histidine salts). 

The compounds of the formulae described herein can, for example, be administered by 
injection, intravenously, intraarterialJy, subdermally, intraperitoneally, intramuscularly, or 
subcutaneously; or orally, buccally, nasally, transmucosally, topically, in an ophthalmic 
preparation, or by inhalation, with a dosage ranging from about 0.5 to about 100 mg/kg of body 
weight, alternatively dosages between 1 mg and 1000 mg/dose, every 4 to 120 hours, or 
according to the requirements of the particular drug. The methods herein contemplate 
administration of an effective amount of compound or compound composition to achieve the 
desired or stated effect. Typically, the pharmaceutical compositions of this invention will be 
administered from about 1 to about 6 times per day or alternatively, as a continuous infusion. 
Such administration can be used as a chronic or acute therapy. The amount of active ingredient 
that may be combined with the carrier materials to produce a single dosage form will vary 
depending upon the host treated and the particular mode of administration. A typical preparation 
will contain from about 5% to about 95% active compound (w/w). Alternatively, such 
preparations contain from about 20% to about 80% active compound. 

Lower or higher doses than those recited above may be required. Specific dosage and 
treatment regimens for any particular patient will depend upon a variety of factors, including the 
activity of the specific compound employed, the age, body weight, general health status, sex, 
diet, time of administration, rate of excretion, drug combination, the severity and course of the 
disease, condition or symptoms, the patient's disposition to the disease, condition or symptoms, 
and the judgment of the treating physician. 

Upon improvement of a patient's condition, a maintenance dose of a compound, 
composition or combination of this invention may be administered, if necessary. Subsequently, 
the dosage or frequency of administration, or both, may be reduced, as a function of the 
symptoms, to a level at which the improved condition is retained when the symptoms have been 
alleviated to the desired level. Patients may, however, require intermittent treatment on a long- 
term basis upon any recurrence of disease symptoms. 
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The compositions delineated herein include the compounds of the formulae delineated 
herein, as well as additional therapeutic agents if present, in amounts effective for achieving a 
modulation of disease or disease symptoms, including ion channel-mediated disorders or 
symptoms thereof. 

The term "pharmaceutically acceptable carrier or adjuvant" refers to a carrier or adjuvant 
that may be administered to a patient, together with a compound of this invention, and which 
does not destroy the pharmacological activity thereof and is nontoxic when administered in doses 
sufficient to deliver a therapeutic amount of the compound. 

Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used in the 
pharmaceutical compositions of this invention include, but are not limited to, ion exchangers, 
alumina, aluminum stearate, lecithin, self-emulsifying drug delivery systems (SEDDS) such as d- 
a-tocopherol polyethyleneglycol 1000 succinate, surfactants used in pharmaceutical dosage 
forms such as Tweens or other similar polymeric delivery matrices, serum proteins, such as 
human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium 
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, 
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, 
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, 
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, 
waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat. 
Cyclodextrins such as a-, and y-cyclodextrin, or chemically modified derivatives such as 
hydroxyalkylcyclodextrins, including 2- and 3-hydroxypropyl-p-cyclodextrins, or other 
solubilized derivatives may also be advantageously used to enhance delivery of compounds of 
the formulae described herein. 

The pharmaceutical compositions of this invention may be administered orally, 
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an 
implanted reservoir, preferably by oral administration or administration by injection. The 
pharmaceutical compositions of this invention may contain any conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of the 
formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to enhance 
the stability of the formulated compound or its delivery form. The term parenteral as used herein 
includes subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular, intraarterial, 
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intrasynovial, intrasternal, intrathecal, intralesional and intracranial injection or infusion 
techniques. 

The pharmaceutical compositions may be in the form of a sterile injectable preparation, 
for example, as a sterile injectable aqueous or oleaginous suspension. This suspension may be 
formulated according to techniques known in the art using suitable dispersing or wetting agents 
(such as, for example, Tween 80) and suspending agents. The sterile injectable preparation may 
also be a sterile injectable solution or suspension in a non-toxic parenterally acceptable diluent or 
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents 
that may be employed are mannitol, water, Ringer's solution and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be employed including synthetic mono- or 
diglycerides.rFatty acids, such as oleic acid and its glyceride derivatives are useful in the 
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or 
castor oil, especially in their polyoxy ethyl ated versions. These oil solutions or suspensions may 
also contain a long-chain alcohol diluent or dispersant, or carboxymethyl cellulose or similar 
dispersing agents which are commonly used in the formulation of pharmaceutically acceptable 
dosage forms such as emulsions and or suspensions. Other commonly used surfactants such as 
Tweens or Spans and/or other similar emulsifying agents or bioavailability enhancers which are 
commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage 
forms may also be used for the purposes of formulation. 

The pharmaceutical compositions of this invention may be orally administered in any 
orally acceptable dosage form including, but not limited to, capsules, tablets, emulsions and 
aqueous suspensions, dispersions and solutions. In the case of tablets for oral use, carriers which 
are commonly used include lactose and corn starch. Lubricating agents, such as magnesium 
stearate, are also typically added. For oral administration in a capsule form, useful diluents 
include lactose and dried cornstarch. When aqueous suspensions and/or emulsions are 
administered orally, the active ingredient may be suspended or dissolved in an oily phase is 
combined with emulsifying and/or suspending agents. If desired, certain sweetening and/or 
flavoring and/or coloring agents may be added. 

The pharmaceutical compositions of this invention may also be administered in the form 
of suppositories for rectal administration. These compositions can be prepared by mixing a 
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compound of this invention with a suitable non-irritating excipient which is solid at room 
temperature but liquid at the rectal temperature and therefore will melt in the rectum to release 
the active components. Such materials include, but are not limited to, cocoa butter, beeswax and 
polyethylene glycols. 

Topical administration of the pharmaceutical compositions of this invention is useful 
when the desired treatment involves areas or organs readily accessible by topical application. For 
application topically to the skin, the pharmaceutical composition should be formulated with a 
suitable ointment containing the active components suspended or dissolved in a carrier. Carriers 
for topical administration of the compounds of this invention include, but are not limited to, 
mineral oil, liquid petroleum, white petroleum, propylene glycol, polyoxyethylene 
polyoxy propylene compound, emulsifying wax and water. Alternatively, the pharmaceutical 
composition can be formulated with a suitable lotion or cream containing the active compound 
suspended or dissolved in a carrier with suitable emulsifying agents. Suitable carriers include, 
but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, 
cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water. The pharmaceutical compositions 
of this invention may also be topically applied to the lower intestinal tract by rectal suppository 
formulation or in a suitable enema formulation. Topi cally-transdeimal patches are also included 
in this invention. 

The pharmaceutical compositions of this invention may be administered by nasal aerosol 
or inhalation. Such compositions are prepared according to techniques well-known in the art of 
pharmaceutical formulation and may be prepared as solutions in saline, employing benzyl 
alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
fluorocarbons, and/or other solubilizing or dispersing agents known in the art. 

A composition having the compound of the formulae herein and an additional agent (e.g., 
a therapeutic agent) can be administered using an implantable device. Implantable devices and 
related technology are known in the art and are useful as delivery systems where a continuous, or 
timed-release delivery of compounds or compositions delineated herein is desired. Additionally, 
the implantable device delivery system is useful for targeting specific points of compound or 
composition delivery (e.g., localized sites, organs). Negrin et al., Biomaterials, 22(6):563 (2001). 
Timed-release technology involving alternate delivery methods can also be used in this 
invention. For example, timed-release formulations based on polymer technologies, sustained- 
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release techniques and encapsulation techniques (e.g., polymeric, liposomal) can also be used for 
delivery of the compounds and compositions delineated herein. 

Also within the invention is a patch to deliver active chemotherapeutic combinations 
herein. A patch includes a material layer (e.g., polymeric, cloth, gauze, bandage) and the 
compound of the formulae herein as delineated herein. One side of the material layer can have a 
protective layer adhered to it to resist passage of the compounds or compositions. The patch can 
additionally include an adhesive to hold the patch in place on a subject. An adhesive is a 
composition, including those of either natural or synthetic origin, that when contacted with the 
skin of a subject, temporarily adheres to the skin. It can be water resistant. The adhesive can be 
placed on the patch to hold it in contact with the skin of the subject for an extended period of 
time. The adhesive can be made of a tackiness, or adhesive strength, such that it holds the device 
in place subject to incidental contact, however, upon an affirmative act (e.g., ripping, peeling, or 
other intentional removal) the adhesive gives way to the external pressure placed on the device 
or the adhesive itself, and allows for breaking of the adhesion contact. The adhesive can be 
pressure sensitive, that is, it can allow for positioning of the adhesive (and the device to be 
adhered to the skin) against the skin by the application of pressure (e.g., pushing, rubbing,) on 
the adhesive or device. 

When the compositions of this invention comprise a combination of a compound of the 
formulae described herein and one or more additional therapeutic or prophylactic agents, both 
the compound and the additional agent should be present at dosage levels of between about 1 to 
100%, and more preferably between about 5 to 95% of the dosage normally administered in a 
monotherapy regimen. The additional agents may be administered separately, as part of a 
multiple dose regimen, from the compounds of this invention. Alternatively, those agents may be 
part of a single dosage form, mixed together with the compounds of this invention in a single 
composition. 

The compounds and methods described above can be used for the therapeutic modulation 
of calcium channel function. 



Table 1. 



Description 


Sequence 


SEQ ID NO. 


nucleotides 

- — . ~ j — 


AAAATTGTAGCG 


SEQ ID NO:l 
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encoding 
KIVA insert 






amino acid 
sequence of 
KIVA insert 


KIVA 


SEQ ID NO: 2 


nucleotide 
sequence of 
novel a 1D 
calcium 
channel 
subunit 


ATGATGATGATGATGATGATGAAAAAAATGCAGCATCAACGGCAGCAGCA 

AGCGGACCACGCGAACGAGGCAAACTATGCAAGAGGCACCAGACTTCCTC 

TTTCTGGTGAAGGACCAACTTCTCAGCCGAATAGCTCCAAGCAAACTGTC 

CTGTCTTGGCAAGCTGCAATCGATGCTGCTAGACAGGCCAAGGCTGCCCA 

AACTATGAGCACCTCTGCACCCCCACCTGTAGGATCTCTCTCCCAAAGAA 

AACGTCAGCAATACGCCAAGAGCAAAAAACAGGGTAACTCGTCCAACAGC 

CGACCTGCCCGCGCCCTTTTCTGTTTATCACTCAATAACCCCATCCGAAG 

AGCCTGCATTAGTATAGTGGAATGGAAACCATTTGACATATTTATATTAT 

TGGCT ATTTTTGC C AATTGTGTGGC C TT AGCT ATTT AC ATC C C ATTC CC T 

GAAGATGATTCTAATTCAACAAATCATAACTTGGAAAAAGTAGAATATGC 

CTTCCTGATTATTTTTACAGTCGAGACATTTTTGAAGATTATAGCGTATG 

GATTATTGCTACATCCTAATGCTTATGTTAGGAATGGATGGAATTTACTG 

GATTTTGTTATAGTAATAGTAGGATTGTTTAGTGTAATTTTGGAACAATT 

AACCAAAGAAACAGAAGGCGGGAACCACTCAAGCGGCAAATCTGGAGGCT 

TTGATGTCAAAGCCCTCCGTGCCTTTCGAGTGTTGCGACCACTTCGACTA 

GTGTCAGGAGTGCCCAGTTTACAAGTTGTCCTGAACTCCATTATAAAAGC 

CATGGTTCCCCTCCTTCACATAGCCCTTTTGGTATTATTTGTAATCATAA 

TCTATGCTATTATAGGATTGGAACTTTTTATTGGAAAAATGCACAAAACA 

TGTTTTTTTGCTGACTCAGATATCGTAGCTGAAGAGGACCCAGCTCCATG 

TGCGTTCTCAGGGAATGGACGCCAGTGTACTGCCAATGGCACGGAATGTA 

GGAGTGGCTGGGTTGGCCCGAACGGAGGCATCACCAACTTTGATAACTTT 

GCCTTTGCCATGCTTACTGTGTTTCAGTGCATCACCATGGAGGGCTGGAC 

AGACGTGCTCTACTGGATGAATGATGCTATGGGATTTGAATTGCCCTGGG 

TGTATTTTGTCAGTCTCGTCATCTTTGGGTCATTTTTCGTACTAAATCTT 

GTACTTGGTGTATTGAGCGGAGAATTCTCAAAGGAAAGAGAGAAGGCAAA 

AGC AC GGGGAGATTTCCAGAAGCTCCGGGAGAAGC AGCAGC TGGAGGAGG 

ATCTAAAGGGCTACTTGGATTGGATCACCCAAGCTGAGGACATCGATCCG 

GAGAATGAGGAAGAAGGAGGAGAGGAAGGCAAACGAAATACTAGCATGCC 

CACCAGCGAGACTGAGTCTGTGAACACAGAGAACGTCAGCGGTGAAGGCG 

AGAACCGAGGCTGCTGTGGAAGTCTCTGTCAAGCCATCTCAAAATCCAAA 

CTCAGCCGACGCTGGCGTCGCTGGAACCGATTCAATCGCAGAAGATGTAG 

GGC CGC C GTGAAGTCTGTC ACGTTTTACTGGCTGGTTATCGTCCTGGTGT 

TTCTGAACACCTTAACCATTTCCTCTGAGCACTACAATCAGCCAGATTGG 

TTGACACAGATTCAAGATATTGCCAACAAAGTCCTCTTGGCTCTGTTCAC 

CTGCGAGATGCTGGTAAAAATGTACAGCTTGGGCCTCCAAGCATATTTCG 

TCTCTCTTTTCAACCGGTTTGATTGCTTCGTGGTGTGTGGTGGAATCACT 

GAGACGATCTTGGTGGAACTGGAAATCATGTCTCCCCTGGGGATCTCTGT 

GTTTC GGTGTGTGCGCC TCTTAAGAATCTTC AAAGTGAC C AGGC ACTGGA 

CTTCCCTGTGCAACTTAGTGGCATCCTTATTAAACTCCATGAAGTCCAGT 

GCTTCGCTGTTGCTTCTGCTTTTTCTCTTCATTATCATCTTTTCCTTGCT 

TGGGATGCAGCTGTTTGGCGGCAAGTTTAATTTTGATGAAACGCAAACCA 

AGCGGAGCACCTTTGACAATTTCCCTCAAGCACTTCTCACAGTGTTCCAG 

ATCCTGACAGGCGAAGACTGGAATGCTGTGATGTACGATGGCATCATGGC 

TTACGGGGGCCCATCCTCTTCAGGAATGATCGTCTGCATCTACTTCATCA 

TCCTCTTCATTTGTGGTAACTATATTCTACTGAATGTCTTCTTGGCCATC 

GCTGTAGACAATTTGGCTGATGCTGAAAGTCTGAACACTGCTCAGAAAGA 

AGAAGCGGAAGAAAAGGAGAGGAAAAAGATTGCCAGAAAAGAGAGCCTAG 

AAAATAAAAAGAACAACAAACCAGAAGTCAACCAGATAGCCAACAGTGAC 

AACAAGGTTACAATTGATGACTATAGAGAAGAGGATGAAGACAAGGACCC 

CTATCCGC CTTGC GATGTGC C AGT AGGGGAAGAGG AAGAGGAAGAGGAGG 

AGGATGAACCTGAGGTTCCTGCCGGACCCCGTCCTCGAAGGATCTCGGAG 

TTGAACATGAAGGAAAAAATTGCCCCCATCCCTGAAGGGAGCGCTTTCTT 


SEQ ID NO: 3 
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C ATTC TTAGC AAGACC AAC CC GATCCGCGTAGGCTGC C AC AAGCTC ATC A 

ACCACCACATCTTCACCAACCTCATCCTTGTCTTCATCATGCTGAGCAGT 

GCTGCCCTGGCCGCAGAGGACCCCATCCGCAGCCACTCCTTCCGGAACAC 

GAT ACTGGGTT ACTTTGAC TATGCCTTC ACAGC C ATCTTTAC TGTTGAGA 

TC CTGTTGAAGATGAC AAC TTTTGGAGCTTTCCTCC ACAAAGGGGC CTTC 

TGCAGGAACTACTTCAATTTGCTGGATATGCTGGTGGTTGGGGTGTCTCT 

GGTGTC ATTTGGGATTC AATCC AGTGC C ATCTC C GTTGTG AAGATTCTG A 

GGGTCTTAAGGGTCCTGCGTCCCCTCAGGGCCATCAACAGAGCAAAAGGA 

CTTAAGCACGTGGTCCAGTGCGTCTTCGTGGCCATCCGGACCATCGGCAA 

CATCATGATCGTCACCACCCTCCTGCAGTTCATGTTTGCCTGTATCGGGG 

TCCAGTTGTTCAAGGGGAAGTTCTATCGCTGTACGGATGAAGCCAAAAGT 

AACCCTGAAGAATGCAGGGGACTTTTCATCCTCTACAAGGATGGGGATGT 

TGACAGTCCTGTGGTCCGTGAACGGATCTGGCAAAACAGTGATTTCAACT 

TCGACAACGTCCTCTCTGCTATGATGGCGCTCTTCACAGTCTCCACGTTT 

GAGGGCTGGCCTGCGTTGCTGTATAAAGCCATCGACTCGAATGGAGAGAA 

CATCGGCCCAATCTACAACCACCGCGTGGAGATCTCCATCTTCTTCATCA 

TCTACATCATCATTGTAGCTTTCTTCATGATGAACATCTTTGTGGGCTTT 

GTCATCGTTACATTTCAGGAACAAGGAGAAAAAGAGTATAAGAACTGTGA 

GCTGGACAAAAATCAGCGTCAGTGTGTTGAATACGCCTTGAAAGCACGTC 

CCTTGCGGAGATAC ATCCCC AAAAAC C CCTACC AGTAC AAGTTCTGGTAC 

GTGGTGAACTCTTCGCCTTTCGAATACATGATGTTTGTCCTCATCATGCT 

CAACACACTCTGCTTGGCCATGCAGCACTACGAGCAGTCCAAGATGTTCA 

ATGATGCC ATGGACATTC TGAAC ATGGTCTTC ACC GGGGTGTTC ACCGTC 

GAGATGGTTTTGAAAGTCATCGCATTTAAGCCTAAGGGGTATTTTAGTGA 

CGC CTGGAAC ACGTTTGACTCCCTC ATCGTAATC GGC AGC ATT ATAGACG 

TGGCCCTCAGCGAAGCAGACAAAATTGTAGCGAACTCTGAAGAGAGCAAT 

AGAATCTCCATCACCTTTTTCCGTCTTTTCCGAGTGATGCGATTGGTGAA 

GCTTCTCAGCAGGGGGGAAGGCATCCGGACATTGCTGTGGACTTTTATTA 

AGTTCTTTCAGGCGCTCCCGTATGTGGCCCTCCTCATAGCCATGCTGTTC 

TTCATCTATGCGGTCATTGGCATGCAGATGTTTGGGAAAGTTGCCATGAG 

AGATAACAACCAGATCAATAGGAACAATAACTTCCAGACGTTTCCCCAGG 

CGGTGCTGCTGCTCTTCAGGTGTGCAACAGGTGAGGCCTGGCAGGAGATC 

ATGCTGGCCTGTCTCCCAGGGAAGCTCTGTGACCCTGAGTCAGATTACAA 

CCCCGGGGAGGAGCATACATGTGGGAGCAACTTTGCCATTGTCTATTTCA 

TCAGTTTTTACATGCTCTGTGCATTTCTGATCATCAATCTGTTTGTGGCT 

GTCATCATGGATAATTTCGACTATCTGACCCGGGACTGGTCTATTTTGGG 

GCCTCACCATTTAGATGAATTCAAAAGAATATGGTCAGAATATGACCCTG 

AGGCAAAGGGAAGGATAAAACACCTTGATGTGGTCACTCTGCTTCGACGC 

ATCCAGCCTCCCCTGGGGTTTGGGAAGTTATGTCCACACAGGGTAGCGTG 

CAAGAGATTAGTTGCCATGAACATGCCTCTCAACAGTGACGGGACAGTCA 

TGTTTAATGCAACCCTGTTTGCTTTGGTTCGAACGGCTCTTAAGATCAAG 

ACCGAAGGGAACCTGGAGCAAGCTAATGAAGAACTTCGGGCTGTGATAAA 

GAAAATTTGGAAGAAAACCAGCATGAAATTACTTGACCAAGTTGTCCCTC 

CAGCTGGTGATGATGAGGTAACCGTGGGGAAGTTCTATGCCACTTTCCTG 

ATACAGGACTACTTTAGGAAATTCAAGAAACGGAAAGAACAAGGACTGGT 

GGGAAAGTACCCTGCGAAGAACACCACAATTGCCCTACAGGCGGGATTAA 

GGACACTGCATGACATTGGGCCAGAAATCCGGCGTGCTATATCGTGTGAT 

TTGCAAGATGACGAGCCTGAGGAAACAAAACGAGAAGAAGAAGATGATGT 

GTTCAAAAGAAATGGTGCCCTGCTTGGAAACCATGTCAATCATGTTAATA 

GTGATAGGAGAGATTCCCTTCAGCAGACCAATACCACCCACCGTCCCCTG 

CATGTCCAAAGGCCTTCAATTCCACCTGCAAGTGATACTGAGAAACCGCT 

GTTTCCTCCAGCAGGAAATTCGGTGTGTCATAACCATCATAACCATAATT 

CCATAGGAAAGCAAGTTCCCACCTCAACAAATGCCAATCTCAATAATGCC 

AATATGTCCAAAGCTGCCCATGGAAAGCGGCCCAGCATTGGGAACCTTGA 

GCATGTGTCTGAAAATGGGCATCATTCTTCCCACAAGCATGACCGGGAGC 

CTCAGAGAAGGTCCAGTGTGAAAAGGTCCGACTCAGGAGATGAACAGCTC 

CC AAC TATTTGCC GGGAAGACCC AG AG ATAC ATGGCTATTTC AGGGACC C 
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CCACTGCTTGGGGGAGCAGGAGTATTTCAGTAGTGAGGAATGCTACGAGG 

ATGACAGCTCGCCCACCTGGAGCAGGCAAAACTATGGCTACTACAGCAGA 

TACCCAGGCAGAAACATCGACTCTGAGAGGCCCCGAGGCTACCATCATCC 

CCAAGGATTCTTGGAGGACGATGACTCGCCCGTTTGCTATGATTCACGGA 

GATCTCCAAGGAGACGCCTACTACCTCCCACCCCAGCATCCCACCGGAGA 

TCCTCCTTCAACTTTGAGTGCCTGCGCCGGCAGAGCAGCCAGGAAGAGGT 

CCCGTCGTCTCCCATCTTCCCCCATCGCACGGCCCTGCCTCTGCATCTAA 

TGCAGCAACAGATCATGGCAGTTGCCGGCCTAGATTCAAGTAAAGCCCAG 

AAGTACTCACGGAGTCACTCGACCCGGTCGTGGGCCACCCCTCCAGCAAC 

CCCTCCCTACCGGGACTGGACACCGTGCTACACCCCCCTGATCCAAGTGG 

AGCAGTCAGAGGCCCTGGACCAGGTGAACGGCAGCCTGCCGTCCCTGCAC 

CGCAGCTCCTGGTACACAGACGAGCCCGACATCTCCTACCGGACTTTCAC 

ACCAGCCAGCCTGACTGTCCCCAGCAGCTTCCGGAACAAAAACAGCGACA 

AGCAGAGGAGTGCGGACAGCTTGGTGGAGGCAGTCCTGATATCCGAAGGC 

TTGGGACGCTATGCAAGGGACCCAAAATTTGTGTCAGCAACAAAACACGA 

AATCGCTGATGCCTGTGACCTCACCATCGACGAGATGGAGAGTGCAGCCA 

GCACCCTGCTTAATGGGAACGTGCGTCCCCGAGCCAACGGGGATGTGGGC 

CCCCTCTCACACCGGCAGGACTATGAGCTACAGGACTTTGGTCCTGGCTA 

CAGCGACGAAGAGCCAGACCCTGGGAGGGATGAGGAGGACCTGGCGGATG 

AAATGATATGCATCACCACCTTGTAG 




amino acid 
sequence of 
a novel 
human a 1D 
calcium 
channel 
subunit 


MMMMMMMKKM^ 

IiSVJQAAI DAARQAKAAQTMSTS AP P PVGSLSQRKRQQYAKSKKQGNS SNS 
RPARALFCLSLNNPIRRAC X S IVEWKPFDIFIHLAI FANCVALAIYI PF P 
EDDSNS TNHNIiEKVEYAFL 1 1 FTVETFLKI I AYGIjLLHPNAYVRNGWNIjIi 
DFVIVIVGLFSVILEQLTKSTEGGNHSSGKSGGFDVKAIiRAFRVLRPLRIi 
VSGVP SIjQWLNS 1 1 KAMVPLLH I ALLVLFVI 1 I YAI IGLELFIGKMHKT 
CFFADSDIVAEEDPAPCAFSGNGRQCTANGTECRSGWVGPNGGITNFDNF' 
AFAMLTVFQC I TMEGWTD VXjYVMITOAMGFEIjPWVYFVSIjVX FGSFFYLHL 
VLGVLSGEFSKEREKAKARGDFQKLREKQQLEEDLKGYLDWITQAEDIDP 
E^EEGGEEGKROTSMPTSETESWTENVSGEGENRGCCGSLCQAISKSK 
Ij SRRWRRWNRFWRRRCRAAVKS VTFYWLVI VliVFLNTLT I S SEHYNQPDW 
LTQIQDIAim^LAL.FTCEMLVKMYSLGLQAYFVSIiF 

ETIIiVELEIMSPLrGI SVPRCVRLIiRIFKVTRHVJTSLCXsTLVASLI/NSl^S S 
ASIiliLLLFLFIIIFSLLGMQLFGGKFNFDETQTKRSTFDNFPQAIiliTVFQ 
ILTGEDWNAVMYDGIMAYGG PS S SGMIVC I YF I ILF I CGlSTf ILliNVFLAI 
AVDNLADAESLNTAQKEEAEE^^ 

NKVTIDDYREEDEDKDPYPPCDVPVGEEEEEEEEDEPEVPAGPRPRRISE 
LNMKEKIAPIPEGSAFFILSKTNPIRVGCHKLI^^ 

AALAAEDPIRSHSFRNTILGYFDYAFTAIFTV^IIjLKMTTFGAFLHKGAF 
CRNYFNLLDl^LVVGVSLVSFGIQSSAI SWKIIiRVIiRVIiRPLRAXNRAKG 
LKHWQCVFVAIRTIGNIMIVTTIiLQFMFACIGVQLFKGKFYRCTDEAKS 
NPEECRGLFILYKDGDVDSPVVRERIWQNSDFNFDNVIjSAMMAIjFTVSTF 
EGWPALLYKAID SNGENI G P I YNHRVEI SIFFIIYII IVAFFMMNI FVGF 
V IVTFQEQGEKEYKNC ELDKNQRQC VEYALKARPLxRRYI PKNPYQYKFWY 
VVNSSPFEYMMFVLIMLOT 

EIWLKVIAFKPKGYFSDAV^TFDSLIVIGSXIDVALSEADKIVANSEESN 
RISITFFRLFRVMRLVKGIjSRGEGIRTLLWTFIKFFQAIjPYyAIjIiIAMLF 
FIYAVIGMQMFGKVAMRDNNQINRNNNFQTFPQAVLIiLFR 
MLACLPGKLCDPESDYNPGEEHTCGSNFAIV^ 

VI^IDNFDYLTRDWSILGPHHLDEFKJRIWSEYDPEAKGRIKHLDWTLLRR 
IQPPLGFGKLCPHRVACKRIjVAMITMPLNSDGTVI^NATIjFAIjVRTAIjKIK 
TEGNLEQANEEIiRAVI KK I WKKT SMKLLDQ WP P AGDDEVTVGKF YATFL 

iqdyfrkfkkrkeqglvgkypaknttialqaglrtlhdigpeirraiscd 
lqddepeetkreeeddvfkrngallgnhvnhvnsdrrdslqqtot 

HVQRP SIP PASDTEKPLF P P AGNS VCHNHHNHNS I GKQVPT STNANLilvnSIA 

nmskaahgkrpsignlehvsenghhsshkhdrepqrrssvkrsdsgdeql 
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PTICREDPEIHGYFRDPHCLGEQEYFSSEECYEDDSSPTWSRQNYGYYSR 
YPGRNIDSERPRGYHHPQGFLEDDDSPVCYDSRRSPRRRLLPPTPASHRR 
SSFNFECLRRQSSQEEVPSSPIFPHRTALPLHI^QQQIMAVAGLDSSKAQ 
KYSPSHSTRSWATPPATPPYRDWTPCYTPLIQV^QSEALDQVNGSLPSLH 
RS S WYTDEPD I S YRTFTP ASI/EVP S S FRJSTKNSDKQRS AD SIjVEAVIj I S EG 
LGRYARDPKFVSATKHEIADACDLTIDEMESAASTLLNGNVRPRANGDVG 
PLSHRQDYELQDFGPGYSDEEPDPGRDEEDLADEMICITTL 




nucleotide 
sequence of 
the coding 
region of a 
human li-type 
calcium 
channel a iD 
subunit (see 
also 

GenBank® 
accession 
number 
M76558) 


ATGATGATGATGATGATGATGAAAAAAATGCAGCATCAACGGCAGCAGCA 

AGCGGACC ACGCGAAC G AGGCAAACTATGC AAGAGGC ACC AGACTTC C TC 

TTTCTGGTGAAGGACCAACTTCTCAGCCGAATAGCTCCAAGCAAACTGTC 

CTGTCTTGGCAAGCTGCAATCGATGCTGCTAGACAGGCCAAGGCTGCCCA 

AACTATGAGCACCTCTGCACCCCCACCTGTAGGATCTCTCTCCCAAAGAA 

AACGTCAGCAATACGCCAAGAGCAAAAAACAGGGTAACTCGTCCAACAGC 

CGACCTGCCCGCGCCCTTTTCTGTTTATCACTCAATAACCCCATCCGAAG 

AGCCTGCATTAGTATAGTGGAATGGAAACCATTTGACATATTTATATTAT 

TGGCTATTTTTGCCAATTGTGTGGCCTTAGCTATTTACATCCCATTCCCT 

GAAGATGATTCTAATTCAACAAATCATAACTTGGAAAAAGTAGAATATGC 

CTTCCTGATTATTTTTACAGTCGAGACATTTTTGAAGATTATAGCGTATG 

GATTATTGCTACATCCTAATGCTTATGTTAGGAATGGATGGAATTTACTG 

GATTTTGTTATAGTAATAGTAGGATTGTTTAGTGTAATTTTGGAACAATT 

AACCAAAGAAACAGAAGGCGGGAACCACTCAAGCGGCAAATCTGGAGGCT 

TTGATGTCAAAGCCCTCCGTGCCTTTCGAGTGTTGCGACCACTTCGACTA 

GTGTCAGGAGTGCCCAGTTTACAAGTTGTCCTGAACTCCATTATAAAAGC 

CATGGTTCCCCTCCTTCACATAGCCCTTTTGGTATTATTTGTAATCATAA 

TCTATGCTATTATAGGATTGGAACTTTTTATTGGAAAAATGCACAAAACA 

TGTTTTTTTGCTGACTCAGATATCGTAGCTGAAGAGGACCCAGCTCCATG 

TGCGTTCTCAGGGAATGGACGCCAGTGTACTGCCAATGGCACGGAATGTA 

GGAGTGGCTGGGTTGGCC C GAACGGAGGC ATC ACC AACTTTGATAACTTT 

GCCTTTGCCATGCTTACTGTGTTTCAGTGCATCACCATGGAGGGCTGGAC 

AGACGTGCTCTACTGGATGAATGATGCTATGGGATTTGAATTGCCCTGGG 

TGTATTTTGTCAGTCTCGTCATCTTTGGGTCATTTTTCGTACTAAATCTT 

GTACTTGGTGTATTGAGCGGAGAATTCTCAAAGGAAAGAGAGAAGGCAAA 

AGCACGGGGAGATTTCCAGAAGCTCCGGGAGAAGCAGCAGCTGGAGGAGG 

ATCTAAAGGGCTACTTGGATTGGATCACCCAAGCTGAGGACATCGATCCG 

GAGAATGAGGAAGAAGGAGGAGAGGAAGGCAAACGAAATACTAGCATGCC 

CACCAGCGAGACTGAGTCTGTGAACACAGAGAACGTCAGCGGTGAAGGCG 

AGAACCGAGGCTGCTGTGGAAGTCTCTGTCAAGCCATCTCAAAATCCAAA 

CTC AGCCGACGCTGGCGTC GCTGGAAC CG ATTC AATCGC AGAAGATGTAG 

GGCCGCCGTGAAGTCTGTCACGTTTTACTGGCTGGTTATCGTCCTGGTGT 

TTCTGAACACCTTAACCATTTCCTCTGAGCACTACAATCAGCCAGATTGG 

TTGACACAGATTCAAGATATTGCCAACAAAGTCCTCTTGGCTCTGTTCAC 

CTGCGAGATGCTGGTAAAAATGTACAGCTTGGGCCTCCAAGCATATTTCG 

TCTCTCTTTTCAACCGGTTTGATTGCTTCGTGGTGTGTGGTGGAATCACT 

GAGACGATCTTGGTGGAACTGGAAATCATGTCTCCCCTGGGGATCTCTGT 

GTTTCGGTGTGTGCGCCTCTTAAGAATCTTCAAAGTGACCAGGCACTGGA 

CTTCCCTGTGCAACTTAGTGGCATCCTTATTAAACTCCATGAAGTCCAGT 

GCTTCGCTGTTGCTTCTGCTTTTTCTCTTCATTATCATCTTTTCCTTGCT 

TGGGATGCAGCTGTTTGGCGGCAAGTTTAATTTTGATGAAACGCAAACCA 

AGCGGAGCACCTTTGACAATTTCCCTCAAGCACTTCTCACAGTGTTCCAG 

ATCCTGACAGGCGAAGACTGGAATGCTGTGATGTACGATGGCATCATGGC 

TTACGGGGGCCCATCCTCTTCAGGAATGATCGTCTGCATCTACTTCATCA 

TCCTCTTCATTTGTGGTAACTATATTCTACTGAATGTCTTCTTGGCCATC 

GCTGTAGACAATTTGGCTGATGCTGAAAGTCTGAACACTGCTCAGAAAGA 

AGAAGCGGAAGAAAAGGAGAGGAAAAAGATTGCCAGAAAAGAGAGCCTAG 

AAAATAAAAAGAACAACAAACCAGAAGTCAACCAGATAGCCAACAGTGAC 

AACAAGGTTACAATTGATGACTATAGAGAAGAGGATGAAGACAAGGACCC 
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CTATCCGCCTTGCGATGTGCCAGTAGGGGAAGAGGAAGAGGAAGAGGAGG 

AGGATGAACCTGAGGTTCCTGCCGGACCCCGTCCTCGAAGGATCTCGGAG 

TTGAAC ATGAAGGAAAAAATTGCC CCC ATC CCTGAAGGGAGCGCTTTCTT 

CATTCTTAGCAAGACCAACCCGATCCGCGTAGGCTGCCACAAGCTCATCA 

ACCACCACATCTTCACCAACCTCATCCTTGTCTTCATCATGCTGAGCAGT 

GCTGCCCTGGCCGCAGAGGACCCCATCCGCAGCCACTCCTTCCGGAACAC 

GATACTGGGTTACTTTGACTATGCCTTCACAGCCATCTTTACTGTTGAGA 

TCCTGTTGAAGATGACAACTTTTGGAGCTTTCCTCCACAAAGGGGCCTTC 

TGCAGGAACTAGTTCAATTTGCTGGATATGCTGGTGGTTGGGGTGTCTCT 

GGTGTC ATTTGGGATTC AATCC AGTGC C ATCTCC GTTGTGAAGATTCTGA 

GGGTCTTAAGGGTCCTGCGTCCCCTCAGGGCCATCAACAGAGCAAAAGGA 

CTTAAGCACGTGGTCCAGTGCGTCTTCGTGGCCATCCGGACCATCGGCAA 

CATCATGATCGTCACCACCCTCCTGCAGTTCATGTTTGCCTGTATCGGGG 

TCCAGTTGTTCAAGGGGAAGTTCTATCGCTGTACGGATGAAGCCAAAAGT 

AACCCTGAAGAATGCAGGGGACTTTTCATCCTCTACAAGGATGGGGATGT 

TGACAGTCCTGTGGTCCGTGAACGGATCTGGCAAAACAGTGATTTCAACT 

TCGACAACGTCCTCTCTGCTATGATGGCGCTCTTCACAGTCTCCACGTTT 

GAGGGCTGGCCTGCGTTGCTGTATAAAGCCATCGACTCGAATGGAGAGAA 

CATCGGCCCAATCTACAACCACCGCGTGGAGATCTCCATCTTCTTCATCA 

TCTACATCATCATTGTAGCTTTCTTCATGATGAACATCTTTGTGGGCTTT 

GTCATCGTTACATTTCAGGAACAAGGAGAAAAAGAGTATAAGAACTGTGA 

GCTGGACAAAAATCAGCGTCAGTGTGTTGAATACGCCTTGAAAGCACGTC 

CCTTGCGGAGATACATCCCCAAAAACCCCTACCAGTACAAGTTCTGGTAC 

GTGGTGAACTCTTCGCCTTTCGAATACATGATGTTTGTCCTCATCATGCT 

C AAC AC ACTCTGCTTGGC C ATGC AGC ACTACGAGC AGTC C AAGATGTTC A 

ATGATGCCATGGACATTCTGAACATGGTCTTCACCGGGGTGTTCACCGTC 

GAGATGGTTTTGAAAGTCATCGCATTTAAGCCTAAGGGGTATTTTAGTGA. 

CGCCTGGAACACGTTTGACTCCCTCATCGTAATCGGCAGCATTATAGACG 

TGGCCCTCAGCGAAGCAGACCCAACTGAAAGTGAAAATGTCCCTGTCCCA 

ACTGCTACACCTGGGAACTCTGAAGAGAGCAATAGAATCTCCATCACCTT 

TTTCCGTCTTTTCCGAGTGATGCGATTGGTGAAGCTTCTCAGCAGGGGGG 

AAGGCATCCGGACATTGCTGTGGACTTTTATTAAGTTCTTTCAGGCGCTC 

CCGTATGTGGCCCTCCTCATAGCCATGCTGTTCTTCATCTATGCGGTCAT 

TGGCATGCAGATGTTTGGGAAAGTTGCCATGAGAGATAACAACCAGATCA 

ATAGGAACAATAACTTCCAGACGTTTCCCCAGGCGGTGCTGCTGCTCTTC 

AGGTGTGCAACAGGTGAGGCCTGGCAGGAGATCATGGTGGCCTGTCTCCC 

AGGGAAGCTCTGTGACCCTGAGTCAGATTACAACCCCGGGGAGGAGCATA 

CATGTGGGAGCAACTTTGCCATTGTCTATTTCATCAGTTTTTACATGCTC 

TGTGCATTTCTGATCATCAATCTGTTTGTGGCTGTCATCATGGATAATTT 

CGACTATCTGACCCGGGACTGGTCTATTTTGGGGCCTCACCATTTAGATG 

AATTCAAAAGAATATGGTCAGAATATGACCCTGAGGCAAAGGGAAGGATA 

AAACACCTTGATGTGGTCACTCTGCTTCGACGCATCCAGCCTCCCCTGGG 

GTTTGGGAAGTTATGTCCACACAGGGTAGCGTGCAAGAGATTAGTTGCCA 

TGAACATGCCTCTCAACAGTGACGGGACAGTCATGTTTAATGCAACCCTG 

TTTGCTTTGGTTCGAACGGCTCTTAAGATCAAGACCGAAGGGAACCTGGA 

GCAAGCTAATGAAGAACTTCGGGCTGTGATAAAGAAAATTTGGAAGAAAA 

CCAGCATGAAATTACTTGACCAAGTTGTGCCTCCAGCTGGTGATGATGAG 

GTAACC GTGGGGAAGTTCTATGC C ACTTTCCTGATAC AGGAC TACTTTAG 

GAAATTCAAGAAACGGAAAGAACAAGGACTGGTGGGAAAGTACCCTGCGA 

AGAACACCACAATTGCCCTACAGGCGGGATTAAGGACACTGCATGACATT 

GGGCCAGAAATCCGGCGTGCTATATCGTGTGATTTGCAAGATGACGAGCC 

TGAGGAAACAAAACGAGAAGAAGAAGATGATGTGTTCAAAAGAAATGGTG 

CCCTGCTTGGAAACCATGTCAATCATGTTAATAGTGATAGGAGAGATTCC 

CTTC AGC AGAC C AAT ACC ACC C ACC GTC CCCTGC ATGTCCAAAGGCCTTC 

AATTCCACCTGCAAGTGATACTGAGAAACCGCTGTTTCCTCCAGCAGGAA 

ATTCGGTGTGTCATAACCATCATAACCATAATTCCATAGGAAAGCAAGTT 

CCCACCTCAACAAATGCCAATCTCAATAATGCCAATATGTCCAAAGCTGC 
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CCATGGAAAGCGGCCCAGCATTGGGAACCTTGAGCATGTGTCTGAAAATG 

GGCATCATTCTTCCCACAAGCATGACCGGGAGCCTCAGAGAAGGTCCAGT 

GTGAAAAGAACCC GCT ATT ATGAAACTTAC ATTAGGTC CGACTC AGGAG A 

TGAACAGCTCCCAACTATTTGCCGGGAAGACCCAGAGATACATGGCTATT 

TCAGGGACCCCCACTGCTTGGGGGAGCAGGAGTATTTCAGTAGTGAGGAA 

TGCTACGAGGATGACAGCTCGCCCACCTGGAGCAGGCAAAACTATGGCTA 

CTACAGCAGATACCCAGGCAGAAACATCGACTCTGAGAGGCCCCGAGGCT 

ACCATCATCCCCAAGGATTCTTGGAGGACGATGACTCGCCCGtTTGCTAT 

GATTC ACGGAGATCTC C AAGGAGACGC CTACTAQCTCCC ACC CC AGC ATC 

CCACCGGAGATCCTCCTTCAACTTTGAGTGCCTGCGCCGGCAGAGCAGCC 

AGGAAGAGGTCCCGTCGTCTCCCATCTTCCCCCATCGCACGGCCCTGCCT 

CTGCATCTAATGCAGCAACAGATCATGGCAGTTGCCGGCCTAGATTCAAG 

TAAAGCC C AGAAGTACTC AC C GAGTC AC TCGAC CCGGTC GTGGGCC ACCC 

CTCCAGCAACCCCTCCCTACCGGGACTGGACACCGTGCTACACCCCCCTG 

ATCCAAGTGGAGCAGTCAGAGGCCCTGGACCAGGTGAACGGCAGCCTGCC 

GTCCCTGCACCGCAGCTCCTGGTACACAGACGAGCCCGACATCTCCTACC 

GGACTTTCACACCAGCCAGCCTGACTGTCCCCAGCAGCTTCCGGAACAAA 

AACAGCGACAAGCAGAGGAGTGCGGACAGCTTGGTGGAGGCAGTCCTGAT 

ATCCGAAGGCTTGGGACGCTATGCAAGGGACCCAAAATTTGTGTCAGCAA 

CAAAACACGAAATCGCTGATGCCTGTGACCTCACCATCGACGAGATGGAG 

AGTGCAGCCAGCACCCTGCTTAATGGGAACGTGCGTCCCCGAGCCAACGG 

GGATGTGGGCCCCCTCTCACACCGGCAGGACTATGAGCTACAGGACTTTG 

GTCCTGGCTACAGCGACGAAGAGCCAGACCCTGGGAGGGATGAGGAGGAC 

CTGGCGGATGAAATGATATGCATCACCACCTTGTAG 




amino acid 
sequence of 
a human re- 
type calcium 
channel a 1D 
subunit 
polypeptide 
(See also 
GenBank® 
accession 
number 
Q01668) 


LSWQAAIDAARQAKAAQTMSTSAPPPVGSLSQRKRQQYAKSKKQGNSSNS 
RPARALFCLSLNNP IRRAC I SIVEWKPFDIFILIAIFANCVALAIYI PFP 
EDDSNSTNH3STLEKVEYAFLiI IFTVETFLKI IAYGLLLjHPNAYVRNGWNIjIi 
DFVIVIVGLFSVILEQbTKETEGGNHSSGKSGGFDVKALRAFRVLRPLRL 
VSGVPSLQWLNS I IKAMVPLLHI ALLVLFVI 1 I YAI IGLELF IGKMHKT 
CFFADSDIVAEEDPAPCAFSGNGRQCTANGTECRSGWVGPNGGITNFDNF 
AFAJXLTVFQCITMEGWTDVLYWMND^ 

VLGVLSGEFSKEREKAKARGDFQKLREKQQLEEDLKGYLDWITQAEDIDP 
ENEEEGGEEGKRNTSMPTSETESVlsrrENVSGEGENRGCCGSLCQAISKSK 
LSRRWRRW]STRFNRRRCRAAVKSVTFYVJLVIVIjVFLNT£iTI s sehynqpdw 
LTQIQDIANKVIiLALFTCElYnJ^^ 

ET ILVELEIMS PLG I SVFRC VRLLRI FKVTRHWTSLCNLVASLLNSMKS S 
ASLLLLLFLFI I IF SIiLGMQIiFGGKFNFDETQTKRSTFDNFPQALIiTVFQ 
ILTGEDV^AVMYDGIMAYGGPSS SGMIVC I YF I ILFICGNYILLNVFLiAI 
AVDNLADAESIiNTAQKEEAEEKERKKIARKESLE^^KK^MKPEVNQIANSD 
HKVTIDDYREEDEDKDPYPPCDVPVGEEEEEEEEDEPEVPAGPRPRRISE 
LNMKEKI AP I PEG S AFF IL» SKTNP IRVGCHKL INHH I FTNIi I LVF IMLS S 
AALAAEDPIRSHSFRJSrrXIiGYFDYAFTAIFTVEILLKMTTFGAFIiHKGAF 
CRNYFNLLDML WGVSLVS FGIQS S AI SWKILRVLRVLRPLRAINRAKG 
LKHVVQC VFVAIRT I GNXMI VTTLLQFMFAC I GVQIjFKGKF YRCTDEAKS 
NPEECRGLFILYKDGDVDSPWRERIWQNSDFl^DNVIiSAMMAL 
EGWPALLYKAID SNGENTGP I YNHRVE ISIFFIIYII I VAFFMMNI FVGF 
VIVTFQEQGEKEYKNCELDKNQRQCVEYALKARPLRRYIPKNPYQYKPWY 
WNSSPFEYX^FVLIMLNTLCL^ 

EMVLKVI AFKPKGYF SDAWNTFD Sir IVIGS 1 1 DVALS E AD PTES ENVPVP 
TATPGNSEESNRISlTFFRliFRVMRLVKLLSRGEGIRTLLWTFIKFFQAL 
PWALLHJVMLFFIYAVIGMQMFGKVAMRD^ 

RCATGEAWQEIMLACLPGKLCDPESDYNPGEEHTCGSNFAIVYFISFYML 
CAFLI INLFVAVIMDNFDYLTRDWS ILGPHHLDEFKRIWSEYDPEAKGRI 
KHLDWTIjIjRRI QP PLGFGKIjC phrvac KRLVAMI^MPLNSDGTVMFNATL 
FALVRTALKXKTEGl^EQANEEriRAVIKKIWKKTSMKIiLDQVVPPAGDDE 
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VTVGKF YATFLiI QDYFRKFKKRKEQGLVGKYPAKNTT I ALQAGLRTLiHDI 
GPEIRRAISCDLQDDEPEETKREEEDDVFKRNGALLGNHVNHVNSDRRDS 
LQQTNTTHRPLHVQRPSI PPASDTEKPLFPPAGNSVCHNHHNHNS IGKQV 
PTSTNANLNNANMSKAAHGKRPS IGNLEHVSENGHHS SHKHDREPQRRSS 
VKRTRYYETYIRSDSGDEQLPTICREDPEIHGYFRDPHCLrGEQEYFSSEE 
CYEDDSSPTWSRQNYGYYSRYPGRNIDSERPRGYHHPQGFLEDDDSPVCY 
UbKKb PKKKIjLi Fir 1 r AbHRRS bFNFECIjRRy bo<*J iilw Pb b Plr PHRTALiP 
LHLMQQQIMAVAGLDS S KAQKYS P SHSTRSWATPPAT P P YRDWTPC YTPL 
IQVEQSEALDQWGSLPSLHRSSWYTDEPDISYRTFTPASLTVPSSFRNK 
NSDKQRSADSLVEAVLISEGLGRYARDPKFVSATKHEIADACDIiTIDEME 
S AASTLLNGNVRPRANGDVGPL SHRQDYELQDFGPGYSDEE PDPGRDEED 
LADEMIC ITTL» 


- 


nucleotides 
3871-3915 of 
SEQ ID NO: 5 


CCAACTGAAAGTGAAAATGTCCCTGTCCCAACTGCTACACCTGGG 


SEQ ID NO: 7 


amino acids 
1291-1305 of 
SEQ ID NO: 6 


PTESENVPVPTATPG 


SEQ ID NO: 8 


base pairs 
5409-5435 of 
SEQ ID NO : 5 


AACCCGCTATTATGAAACTTACATTAG 


SEQ ID NO: 9 


amino acids 
1804-1812 of 
SEQ ID NO: 6 


TRYYETYIR 


SEQ ID 
NO:10 



All references cited herein, whether in print, electronic, computer readable storage media 
or other form, are expressly incorporated by reference in their entirety, including but not limited 
to, abstracts, articles, journals, publications, texts, treatises, internet web sites, databases, 
software packages, patents, and patent publications. A number of embodiments of the invention 
have been described. Nevertheless, it will be understood that various modifications may be 
made without departing from the spirit and scope of the invention. Accordingly, other 
embodiments are within the scope of the following claims. 
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